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sixty-one compounds comprising a variety of target structures, 1.5-
naphthyridine intermediates and miscellaneous precursors have been
prepared and submitted for biologic testing.

The brunt of our synthetic studies for this year has been
directed at the formation of derivatives of 4-amino-l,5-naphthyridine
which incorporate the methoxy functionality in the 2-position of the
1,5-naphthyridine ring. The desired target structures would, therefore,
be isosteric to the highly potent antimalarials, primaquine, pentaquine
and pamaquine. In addition, both the 6-methyl (alkoxy) and the 8-methyl
functionalities were desired since these substituents are known to enhance

biologic activity in related 8-aminoquinoline structures. Accordingly, we
have applied both a number of conventional teuzniques and our improvised
ME-N-OXIDE procedure for the formation of a variety of the requisite
key intermediates, e-g.. the 6- and 8-substitted-2,4-dichl,)ro-l,5-naphthy-
ridines. We have now determined that the interaction cf these key
intermediates with methoxide has led to the indescriminate attack at either
the 2- or 4-position to afford both the 4-chloro-2-methoxy-and 2-chloro-4-
methoxy-l,5-naphthyridines. While the formation of the latter intermediates
was initially disconcerting, they have proven to be useful precursors for
the formation of the equally desired 2-amino-4-methoxy-l,5-naphthyridines.
The detailed results of all of our synthetic studies conducted this year
are fully delineated in the text of this report.

,,,While full biologic testing data are not yet available, results
obtained for most of the target drugs submitted to WRAIR have disclosed
no significant prophylactic activity in the lower dosage range (1.0 and
3.0 mg/kg). However, one of the target structures, 2-hydroxy-4-(5-isopropyl-
aminopentylamino)-l,5-naphthyridine, has now proven to be curative in the
Rhesus monkey screen at a dosage level of 10.0 mg/kg.tjn the therapeutic
screen, only minimal biologic activity has been observed for the target
structures tested to date. In addition, no biologic activity was observed
for any of the sixty-four variously substituted intermediates or precursors
which have also been tested in the therapeutic screen.
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1. SUMMARY

Interest in the 4-amino-l,5-naphthyridines as potential prophylactic
antimalarial agents has been generated by the structural similarity of
this ring system to both the 4- and 8-aminoquinolines. In our synthetic
studies for this year, we sought to expand upon the derivatives of 4-amino-
1,5-naphthyridine which are currently available in an effort to secure an
optimal prophylactic antimalarial drug. Accordingly, as a result of our
synthetic efforts a total of sixty-one compounds comprising a variety of
target structures, l,5-naphthyridine intermediates and miscellaneous precursors
have been prepared and submitted for biologic testing.

The brunt of our synthetic studies for this year has been directed
at the formation of derivatives of 4-amino-l,5-naphthyridine which incorporate
the methoxy functionality in the 2-position of the l,5-naphthyridine ring.
The desired target structures would, therefore, be isosteric to the highly
potent antimalarials, primaquine, pentaquine and pamaquine. In addition,
both the 6-methyl (alkoxy) and the 8-methyl functionalities wCre desired
since these substituents are known to enhance biologic activity in related
8-aminoquinoline structures. Accordingly, we have applied both a number
of conventional techniques and our improvised EME-N-OXIDE procedure for the
formation of a variety of the requisite key intermediates, e.g., the 6-
and 8-substituted-2,4-dichloro-1,5-naphthyridines. We have now determined
that the interaction of these key intermediates with methoxLde has led to
the indiscriminate attack at either the 2- or 4-position to afford both the
4-chloro-2-methoxy- and 2-chloro-4-methoxy-1,5-naphthyridines. While the
formation of the latter intermediates was initially disconcerting, they have
proven to be useful precursors for the formation of the equally desired
2-amino-4-methoxy-,5-naphthyridines. The detailed results of all of our
synthetic studies conducted this year are fully delineated in the text of
this report.

While full biologic testing data are not yet available, results
obtained for most of the target drugs submitted to WRAIR have disclosed no
significant prophylactic activity in the lower dosage range (1.0 and 3.0 mg/kg).
However, one of the target structures. 2-hydroxy-4-(5-isopropylaminopentylamino)-
1,5-naphthyridine, has now proven to be curative in the Rhesus monkey screen
at a dosage level of 10.0 mg/kg. In the therapeutic screen, only minimal
biologic activity has been observed for the target structures tested to date.
In addition no biologic activity was observed for any of the sixty-four
variously substituted intermediates or precursors which have also been tested
in the therapeutic screen.[I
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2. INTRODUCTION

The drugs presently available for the treatment of malaria suffer
from two se-ious defin.iencies. First, no single agent is suitable for all
purposes. Secondly, drug resistant strains of the parasite have evolved in
the early 1960's. Clearly, further developments in drug design must lead to
agents which possess pharmacologic and chemotherapeutic properties which are
superior to those presently available. The goals of new synthetic efforts
must be directed toward the development of agents which exhibit broad activity
against all life cycles of the parasite. In addition, they should possess
high potency, low toxicity, and a long duration of activity. Ideally, a
prophylactic drug is sought for the recently encountered drug resistant strains
of the malaria parasite.

With all of the above in mind, It is our contention that certain
4-amino-l,5-naphthyridines, NNH-R

5

N
8 1

should possess the desired prophylactic characteristics. Quinine, a classic
example of a specific chemotheraupeutic agent, incorporates a quinoline ring
as a basic structural fragment. The quinoline nucleus has, therefore, served
as a template for biochemists in the design of a wide array of candidate
antimalarial drugs. Of the many substituent variations effected upon the
quinoline nucleus, the 4-amino and 8-amino substituted analogs have exhibited
the greatest activity (D). In general, the 4-aminoquinolines, e.g., chloro-
quine, are schinzontocidal agents which act at the asexual erythrocytic life
cycle of the malaria parasite. By contrast, the 8-aminoquinoliues, as typi-
fied by pamaquine, are gametocytocidal drugs which act against the secondary
exoerythrocytic stages and thereby destroy the sexual forms of the human
malaria parasite (2). Derivatives of the 4-amino-l,5-naphthyridir.es should,
therefore, exhibit an enhanced antimalarial activity, since they are iso-
steres of both the 4- and 8-aminoquinolines. This supposition has been
confirmed by an early report in the literature that 4-(4-diethylamino-l-
methylbutylamino)-i, 5-naphthyridine,

CH3

NHCHCH 2CH2CH2NEt 2

. . .
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was found to exhibit an antimalarial activity comparable to quinine itself
(3,4). Moreover, recent reports in the literature have disclosed signifi-
cant antimalarial activity for the 4-amino-l,5-naphthyridir.es which are
substituted with alkoxy groups in both the 2- and 6-positions (2,0 . In
our research, we sought to expand upon the derivatives of 4-amino-l,5-
naphthyridine currently available in an effort to produce an optimum drug.
The results of our synthetic studies for this year are .fully discussed in
the text of this report.

I,

I,
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3. SYNTHESIS-RESULTS AND DISCUSSION

In this, the second year of our research, we have primarily sought
the synthesis of derivatives of 4-amino-1,5-naphthyridine which exhibit
the following generalized structure.

NH-R'

Y N 'OR

CH3

R CH3, H R= -CH(CH 2)3 NEt2  (Pamaquine Side Chain)

CR3
R6 - CH3, OR; R8 = H -CH(CH 2)3NH2  (Primaquine Side Chain)

R6 = H, OR; R8 = CH3  -(CH2) 5NHCH(CH 3)2  (Pentaquine Side Chain)

The biologic r..rionale and substantiating data upon which this
choice was made has beer fully documented in our research proposal (6).
In essence, these 4-amino-i,5-naphthyridines are the "5-aza" isosteres of
highly active 8-aminoquinolines. As such, they are also isosteric to the
4-aminoquinoline drugs, and they should therefore possess enhanced activity
characteristics as compared to either of these proven classes of antimalarials.
The ring substituents and their sites of attachment have been dictated by
comparison of the desired 4-amino-i, 5-naphthyridines with their active
8-aminoquinoline counterparts. Alkoxy and hydroxy groups were included in the
2-position since it is the current opinion of WRAIR personnel that oxygenation
meta to the exocyclic amino group is a prerequisite for the antimalarial activity
in the 1,5-naphyridines which are structurally related to the 8-aminoquinolines (7).
The inclusion of the 6- and 8-methyl groups were sought since the 2-methyl-
and 4-methylprimaquine antimalarials are currently the most active 8-aminuquinolines
in the prophylactic screen (8). Finally, 6-alkoxy substituent were chosen
since it is known that this grouping imparts improved therapeutic activity
to the 4-amino-l,5-naphthyridines (5). The latter choice is also supported
by Blanton's report that the inclusion of a benzyloxy group in the 2-position
of primaquine reduces toxicity while maintaining biologic activity (9).
This is in agreement with Holmes' original speculation concerning the advantage
of deliberately introducing oxygen functionality into the 2-position of
quinoline antimalarials (10).

An identical reaction sequence was employed this year fof the
formation of each of the desired target structures. The basic features of
this overall synthetic route to the variously substituted 4-amino-l,5-
naphthyridines are illustrated in Scheme I.



Scheme 1

General Synthetic Route to Target Structures

Cl

Multi-Step R6  ROH

R8

Pyridine 2,4-Dichloro
Precursors Intermediptes

Cl NH-R'
Ni

R'-NH2
N OR '* N OR

R8  R8

2-Alkoxy-4-Chloro 2-Alkoxy-4-Amino-1,5-
Intermediates Naphthyridines

In the following subsections (3.1 through 3.4) we have included
a complete description of the procedures used for: (1) the synthesis
of the pyridine precursors illustrated in Scheme 1; (2) the synthesis of
the 2,4-dichloro-l,5-naphthyridine intermediates; (3) the synthesis of
the 2-alkoxy-4-chloro-l,5-naphthyridine intermediates; and finally,
(4) the synthesis of the desired 2-alkoxy-4-amino-l,5-naphthyridine target
structures. Also, in Section 3.5 we have included a description of the
preparative chemistry of several miscellaneous intermediates whose syntheses
were also explored this year.

3.1 Synthesis of Pyridine Precursors

The pyridine precursors whose syntheses were s :it this year were
of two basic types. These have included variously substituted 3-aminopicolinates
and 3-aminopyridines.

0
I,

N COEt 
R

2 2

R6 = CH3, CH3 0; R4 =H R =CH3; R H

R6 = H; R4 CH3 R6 H, CH30; R4 = CH3
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As shown below, these precursors were used for the formation of the

2,4-dichloro-l,5-naphthyridine key intermediates via two independent

syntLetic routes.

0

R6 itCOit Conventional

h !2 Procedure Cl

R4 R 6  N

N Cl

R

R6 N, EMME-N-OXIDE 8

'IrILNH 2
R4 ]

The first synthetic route depicted above is based upon the conventional
von Niementowski synthetic sequence as has been widely applied for the
formation of a variety of quinoline antimalarials (IDl- The second procedure
is based upon our improvised EZMIE-N-OXIDE reaction sequence, the preliminary
details of which were originally reported last year (12).

In the two subsections below, we have described the detailed
procedures used for the formation of both the 3-aminopicolinate and 3-amino-
pyridine precursors which were synthesized this year.

3.1.1 Formation of 3-Aminopicolinates

The title precursors which have been characterized to date have
primarily included methyl groups in either the 4- or 6-position of the pyridine
ring. A description of their preparative chemistry is included below, and
the analytical data and physical constants for the precursors which were
submitted to WRAIR are included in Table 1 at the end of this section.

The requisite precursor to the 6-methyl analogs, ethyl 3-amino-6-
methylpicolinate, has not, to our knowledge, been reported in the literature.
The synthetic route which was employed for the formation of this precursor
is illustrated in Scheme 2.

4

I
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Scheme 2

Preparation of Ethyl 3-Amino-6-Methylpicolinate

OH 0

CHHNO 3 (90%)N co
3A CH3< C' EtOR (H2S04 ]'-tACOH 950

(NP-44) 0
00

0 0

NH COEt CH3aNHC3  NH40H, NHl
COE 5 hrs. - NH

tiOH is3  23
0 (NP-45) 0

0 . 0

CH CH3  0 EtOH [H2S043 NH NaOBr,, 3 "> 1

C1/ji HNH 2AH2

I,

(NP-46) 0 (NP-47)
0

Ca3 f OCH2 CH3

NHt2

(NP-48)

In general, each of the steps leading to the production of
3-amino-6-methylpicolinic acid in Scheme 2 have been reported in the
literature Q, 1, 15). Accordingly, the benzo ring of 8-hydroxy-
quinaldine was first selectively oxidized employing fuming nitric acid
(90%). While not reported in the original literature, we have found that
the reaction mixture must be heated to 80-85* after the initial addition
at 0-50. If this additional heating is not performed, the benzo ring is
not cleaved and unreacted 8-hydroxyquinaldine is recovered exclusively.
The avalytically pure 6-methylquinolinic acid (NP-44) was then isolated
from the reaction mixture by recrystallization from ethanol-ether. The
infrared spectrum for this acid typically displayed only broad absorptions
(Figure 1).

H
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In the succeeding step, 6-merhyiquinolindiamide was convertedt
into the corresponding imide %'.lP-46) by dry heating at a temperature just
below the melting point of the diamide. The evolution of auz~onia was
readily monitored employing pH paper. The crude imide was obtained in
nearly quantitative yield. Its infrared spectrum (Figure 3) was
superiposible upon the pure imide obtained by recrystallization from
ethyl acetate.
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The infrared spectrum for the pure, dry acid obtainee after
recrystallization from water (Figure 4), is consistant solely uith a
zwitterionic formulation in the solid state (6). Only a broaa carboxylate
absorption near 6.3p is therefore observed.

4000 3000 2000 1500 CM" 10O 900 800 700
0.0 0.: * **44 . :- - .O
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Fip, Tee 4. Infrared spectrum of 3-amino-6-methylpicolin c acid
(nuj ol mull).

The final step of Scheme 2, esterlication of the 3-am no-6-
methylpcolinic acid, was conducted in a 50:50 weight percent mixture
of concentrated sulfuric acd-ethanol at 95-p00 t for four hours.

0 0

CH OH EO 12 OOH H

NH2 95%, 4. hrs. IN 2

The product, ethyl 3-amino-6-methylpicolinate (NP-48), was

isolated as a white solid after recrystallization from ether-heptane.

Its infrared spectrum was consistent with the formulated structure, and
its proton spectrum is reproduced in Figure 5. The 6-methyl singlet is

present at 7.51T, and the two ring protons at.e present, somewhat surprisingly,

as a sharp singlet at 2.93T. Evidently, th,s shielding effect of both the
ring methyl group and the amino moiety are balanced. The H-4 and H-5 ring
protons are therefore magnetically equ'x-_ent and no splitting is observed (17).

.% *-.-t.
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Figure 5. Proton spectrum of ethyl 3-amino-6-methylpicolinate
(CDCl 3)

our synthesis of the desired 8-methyl analogs of 4-amino-l,5-
naphthyridine has required the isolation of ethyl 3-amino-4-methylpicolinate.
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Scheme 3

Preparation of Ethyl 3-Amino-4-Methylpicolinate

H 0 0
HNO N COHlW
H03 (CH3C) 20> 1600~- NA OH 10

CH3  CH 3 0

0 0
0 II

CH3'CNH 2  N NaOBr,. .
0 .N H

CH3 0 CH3 0

0 0

I', Y, COHEtOH 
C~

NiH H S0N
.( 2 2 42

CH3  CH3

All precursors which have been characterized to date in accord
with Scheme 3 are also included in Table I at the end of this section.
The starting material for Scheme 3, 8-hydroxy-4-methylquinoline, while
commercially available (18) was grossly impure. We have, therefore
scaled up its synthesis via the Doebner -Miller techniques as reported
by Phillips (19).

OH OH
CH2  + NH HC1

It
- .2J ,10 il

CC 3

CH13

4,
. : p j~lUlltllg~llm~lll ull pnllml I m • nimul~ Bp • in i .u• u l m •mm mm. •• •
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No effective oxidizing agent could be found for this reaction
which probably accounts for the low yield of only 20%. For the work-up
of this reaction, we followed Phillips report follow.ed by prolonged steam
distillation of the basified reaction mixture as recently rp~zzted by
Blank (210).- The infrared spectrum for the pure 8-hvdrc..,-4-methylquinoline
is reproduced in Figure 6.

4000 2000 2000 1500 CMA 1000 900 800 700

.10. 10

Z Ij

II ALI I ~
COOC
0 :'11

I 540

.3 4 6HAII 7 8- 9..T 10 11 12 13 14 1

WAVELENGTH (MICRONS)

Figure 6. Infrared spectrum of 8-hydroxy-4-methylquinoline (nujol mull).

Oxidation of the benzo ring of 8-hydroxy-4-methylquinoline
was then conducted by the improved procedure as reported by Blank (20)
The addition of the solid 8-hy'droxy-4-methylquinoline into the fuming
nitric acid at 100 was very exothermic. After heating to 850 to drive off
the nitrogen oxide fum~es, the water was removed, and the residue was recry-
stallized from ethanol-ether (or water) to afford the pure acid in 70%
yield. The infrared spectrum of the pure acid (NP-64) is reproduced in
Figure 7.
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The succeeding step3 of Scheme 3, up to the formation of the
3-amino-4-methylpicolinic acid (NP-69), were essentially conducted as
Sucharda has described for the preparation of the unsubstituted 3-amino-
picolinic acid (21). The intermediary 4-methylquinolinic anhydride (NP-67)
exhibited a melting point virtually identical to that reported in the
literature (22). The 4-methylquinolinimide (NP-68) was isolated in a crude
yield of 467. via this procedure, and exhibited a melting point approximately
ten degrees higher than the reported value (20) after recrystallization
from glacial acetic acid. Conversion of the imide to the 3-amino-4-methyl-
picolinic acid (NP-69) via the Hofmann degradation technique afforded the
crude acid in 447. yield. The crude amino acid was contaminated with a
small amount of the isomeric 2-amino-4-methylnicotinic acid as attested by
a minor absorption near 5.9 u in the infrared. After recrystallization
from methanol, the pure acid was obtained with a strong absorption near
6.1 11. The analytically pure 3-amino-4-methylpicolinic acid (NP-69) as
obtained from methanol again exhibited a melting point roughly 10' higher
than that previously reported (20). At the present time, we are in the
process of conducting the last step as illustrated in Scheme 3. The
results of these irnvestigaticns will be related in jubsequent reports.

The last two precursors listed in Table 1, NP-49 and NP-50, were
prepared as fully described in the experimental section. Ammonium 3-
carboxamido-6-methoxypicolinate, NP-49, was isolated as a by-product in
the scale-up of precursors to the 2,6-dialkoxy-4-amino-l,5-naphthyridines.

0 0 0

CH 01N CH O-.. "j CNH2 1 0 NH®

'COCH25°, 3 days NH NH
11, N 2 o N 2
0 0 0

(NP-36) (NP-37) (NP-49

While the formation of NP-49 in the scale-up was disconcerting
at first, we have noted that its pyrolysis also led to the formation of
6-methoxyquinolinimide (NP-38).

If
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0 0

CH3 "4 180-,0" cH3° + /(CNH 4  ~ 80-1900 3 C + 3 + H20

0 0

(UP-49) (NP-38)

Not only was the yield of NP-38 quantitative, but the

temperature required for this conversion was lower than starting from

the diamide (NP-37). We therefore prepared ammonium 6-methylquinolinate,

NP-50, in the hopes that its pyrolysis would lead to the formation of

6-methylquinolinlmide, NP-46, via a more facile procedure than we have

outlined earlier in this section. However, the pyrolysis of NP-50 was

unrewarding (tar formation). We have therefore abandoned this alternative
route.

3.1.2 Formation of 3-Amnopyridines

The 3-aminopyridine precursors which were prepared this year were

utilized for the EMME-N-OXIDE route to the target structures. The 3-

aminopyridines of interest have included the 4- and 6-methyl groups, and

a description of their preparation chemistry is included below. 
The

analytical data and physical constants for all precursors characterized in

conjunction with these studies are included in Table 2 at the end of this

section.

The synthetic routes available for the formation of 5-amino-2-picoline

are illustrated in Scheme 4.

I
- I
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Scheme 4

Preparation of 5-Amino-2-Picoline

COH

N aCH(CO 2Et) 2 , EtOH [H2SO4]
Il ylene, A I

0
(EtO)2 N CH3- O

-'NO 2  , jOft

(NP-52)

H2SO4, A J NH4OH

CH 3 NCH3 
- __" No

N02  'CNH

(NP-51) 2 (NP-53) 2

Fe, H2 0-MeOH, A NaOBr

22 N
CH3 

Ntt
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The first route (up to the formation of NP-51) was recently
reported by Achremowicz Q3. The iron-acetic acid reduction of this
precursor, by analogy to Friedman's general procedure (24), could only
be effected in the presence of an excess of iron and acetic acid (see
Experimental). Nevertheless, this route was preferred over the second
procedure (25). The precursors which were prepared and characterized
via either of these two routes are included in Table 2 at the end of
this section. Also. the proton spectra for NP-52 and NP-54 are reproduced
in Figures 8 and 9 respectively.

1 0 f _________7 __

C0 C ______H3

Figure 8. Proton spectrum of ethyl 6-methylnicotinate (neat).

-, --- -- 70 6i

C N

Figure 9. Proton spectrum of 5-amino-2-picoline (CDC)
(__3.
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The procedures utilized for the formation of 5-amino-2-methoxy-4-
picoline (NP-61) are outlined in Scheme 5.

Scheme 5

Preparation of 5-Amino- 2-H-thoxy-4-Picoline

I2. HNO .. > NH2 6 3 j + 2
H2S04, I0N NO2

CH3  3 CH 3
(NP-56, 44%) (:P-57, 13%)

HONO

~l

0H 85 - HOH
CH3 CH3

(NP-58, 49%; (NP-59, 70%)

CH 3O.~j Fe, HOAc> CH3r M
O'[::Nj1 O2EtOH, H2 02

CHA CH
3 3

(NP-60, 90%) (NP-61, 91%)

Each of the steps illustrated in Scheme 5 have been previously
reported in the literature via a number of investigators. The particular
procedure which was followed at each step was chosen for the sake of con-
venience. The initial step, nitration of the commercially available
2-amino-4-picoline, was performed as Baumgarten has described (26). The
crude mixture of the 2-amino-5-nitro- and 2-amino-3-nitro-4-picolines was
isolated as a tan solid in 92% yield. While Seide has reported the use of
steam distillation to separate the more volatile 3-nitro isomer from the
non-volatile 5-nitro isomer (27, see Experimental), we found that the
distillation had to be conducted for a considerable length of time. Since

ONOi
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it was necessary to run this reaction many t:imes, we have now found it
to be more convenient to simpliy triturate the crude mixture with hot ethanol.
The desired 5-nitro isomer was then isolated by filtration of the hot
ethanol solution. The infrared spectra for the pure 2-amino-5-nitro-4-
picoline and 2-amino-3-nitro-4-picoline are reproduced in Figures 10 and
11 respectively.
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Figure 1. Infrared spectrum of 2-amino--nitro-4-picoline (nujol null).
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The succeedin.- step of Scheme 5, diazotization of NP-56 and
hydrolysis, was performed ex;-.ctly as Baumgarten has described (26). The
crude 2-hydroxy-5-nitro-4-picoline was isolated in 49% yield. Its infrared
spectrum was identical to the purified sample (Figure 12).
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As an alternative route to the 8-methyl target strictures, we are
presently employing the following procedure. It was mentioned earlier in
this section that the nitration of 2-amino-4-picoline affords a mixture
of both the 3-nitro and 5-nitro isomers.

NH2  N2 NH 1
H~ H2S04  NO 2  N +-

CH 3  CH 3  CH13

(NP-56) (NP-57)

We have described the use of the 5-nitro isomer (NP-56) for the
preparation of precursors to the 6-alkoxy-8-methyl target structures. Rather
than discard the 3-nitro by-;=oduct produced in this reaction (NP-57), we
are curently utilizing this precursor as a route to 3-amino-4-picoline
as Roe and Seligman have described (28). This amine may then be used to
prepare the target 8-methyl analogs via our EME-N-OXIDE route. The
precursors secured to date are the 2-hydroxy-3-nitro-4-picoline (NP-65),
and the 2-chloro-3-nitro-4-picoline (NP-66). The analytical data for
both of these precursors are included in Table 2. The clean separation
of isomers is attested by the infrared spectrum of the 2-hydroxy-3-nitro-4-
picolinc (Figure 14, compare with the infrared spectrum of the 5-nitro
isomer, Figure 12).
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3.2 Synthesis of the 2,4-Dichloro-l,5-
Naphthyridine Intermediates

As related earlier in this report, two synthetic options were
available to us for the formation of the title key inrermediates. The
first procedure is based upon the conventional von Niementowski synthetic
route (U as has been successfully been applied for the formation of
the unsubstituted 2,4-dichloro-i,5-naphthyridine (3U). The second procedure
is based upon our improvised EMME-N-OXIDE route, the preliminary details
of which were reported last year (12). The synthetic progress attained
this year via either of these two routes is fully explained in Sections 3.2.1
and 3.2.2 respectively.

3.2.1 Conventional Synthetic Route to
2, 4-Dichloro-I, 5-Naphthyridines

This year, we utilized the conventional technique only for the
formation of the 6-methyl-2,4-dichloro-1,5-naphthyridine (NI-51). Starting
from our preformed ethyl 3-amino-6-methylpicolinate (NP-48), the overall
synthetic route to NI-51 is illustrated in Scheme 6.

Scheme 6

Preparation of 2,4-Dichloro-6-Methyl-l,5-Naphthyridine

0 0'I!!

CH3  C 3 CH2 (C0 2 Et) 2  C y 2 H3 1
_) Et  Na0E, E2O)

2C t 2) H20, OH, A

(NP-48) 0 0 3) H+

OH 1

CH3 POCi CH 3

N
N C1

(NI-50) (NI-51)

X
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The naphthyridine intermediates depicted in Scheme 6 which have
been fully characterized this year are included in Table 3 at the end of
this section along with their physical constants and full analytical data.
The formation of 2, 4-dihydroxy-6-methyl-l, 5-naphthyridine, NI-50, was
performed by analogy to the generalized von Niementowski synthetic
procedure (11, 30).

EtO 0

0 CII c1 1 COEt 1)Nat
CII1950 22

+CH 2(COEt) 2 -H Qk H
2

(NP-48)

OH

CH N
3 - S.

OH

(NI-SO)

The intermediary mono-amide was not isolated, but was directly
subjected to a Dieckmann cyclization followed by decarboxylation. After
acidification of the reaction mixture, the crude dihydroxy derivative,
NI-SO, was isolated as an off-white solid in 59% yield. The analytical
sample was prepared by recrystallization from hot water. As predicted,
this derivative should exist in the preferred keto configuration in the
solid state (31). Its infrared spectrum, Figure 15, therefore exhibits a
prominent band near 6.0..
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Conversion of NI-50 to rhe corresponding dichloro derivative,
NI-51, was then performed with the use of refluxing phosphorus oxychloride.

OH Cl

CH3  POCI3  CH3
Reflux,>

N On 4 hrs.. Cl

(NI-50) (NI-51)

Tte analytically pure dichloro derivative, NI-51, was isolated
in 60% yield as a white solid by sublimation. Its proton spectrum,
Figure 16,is completely in accord with the formulated structure.

- CL

ct

Figure 16. Proton spectrum of 2,4-dlchloro-6-methyl-l,5-
naphthyrLdine (CDC3

3J
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3.2.2 EMME-N-OXIDE Synthetic Route to
2,4-Dichloro-l,5-Naphthyridines

The essential features of the EM-N-OXIDE route to variously

substituted 2,4-dichloro-l,5-naphthyridines are depicted in Scheme 7.

Scheme 7

EMME-N-OXIDE Route to 2,4-Dichloro-l,5-Naphthyridines

Cl Cl

R Peracid R > R POC13
Oxidation

Cl 0

Cl

N

As seen by inspection of Scheme 7, requisite in this procedure is
the selective oxidation of the ring-I nitrogen atom of the performed 4-chloro-
1,5-naphthyridines exclusive of oxidation of the ring-5 nitrogen. Once
this critical step has been accomplished, subsequent reduction of the ring-1
N-oxide and simulatneous introduction of the 2-chlorine functionality may
be accomplished via the conventional Meisenheimer reaction. We originally
utilized this route last year as an alternative procedure for the formation
of 2,4-dichloro-l,5-naphthyridine (R = H, 12). This year, we have proven
the generality of this approach in that it has provided access to a
variety of 6-substituted-2,4-dichloro-l,5-naphthyridines which would be
otherwise very difficult to obtain via conventional techniques.

The starting materials listed in Scheme 7 are the 4-chloro-l,5-naphthyridines. These materials may be conveniently prepared via the

conventional EMME (ethoxymethylenemalonic ester) procedure. Price and
Roberts were the first to apply this procedure as a general route to the
formation of quinoline antimalarials (32). Goldberg has since proven the
applicability of this approach for the formation of 1,5-nsphthyridine anti-
malarials (5). We utilized this technique last year for the preparation
of several 6-substituted-4-chloro-l, 5-naphthyridines (12). Our synthesis of
additional 4-chloro-1,5-naphthyridines this year via the convention EMME
procedure is explained in detail immediately below. The remaining steps
in the EMME-N-OXIDE rate are fully described in the subsequent section.

oi

*1 'I
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EMME Procedure

This year, we have applied the EMME procedure for the formation
of the following 4-chloro-l,5-naphthyridines:

Cl Cl
Cl3  CH3o N

NQN-
CH3

The synthetic progress attained to date is explained in detail
below, and the precursors and intermediates characterized this year are
included in Table 4 at the end of this section along with their physical
constants and full analytical data.

As previously described in Section 3.2.1, the synthetic procedure
as outlined in Scheme 6 affords a viable route to the desired 2,4-dichloro-
6-methyl-l,5-naphthyridine (NI-51). However, several low yield steps were
initially encountered in this synthesis. We,therefore, concurrently explored
our recently developed EMME-N-OXIDE procedure as an alternative route to
ensure the preparation of the desired target structures. The details of
the EMME procedure are applied to the formation of the requisite 4-chloro-6-
methyl-l,5-naphthyridine are outlined in Scheme 8.

Scheme 8

EMME Route to 4-Chloro-6-Methyl-l,5-Naphthyridine

0
N of Ph

CH3 / EtOCH=CCOEt) 2  3 0P3

3 U M_____,__>

1 02, 1 Hr. WCH=C*COEt)2  2500

2
(NP-54) (NP-55)

0 OH 0O H of _of/ .

c 2 OEt Ho , 3 lCO Nujol

90, 2hrs' 3000'

(NI-54) (NI-55)

OH N Cl
N CH3

3N
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The condensation of 5-amino-2-picoline, NP-54, with diethy!
ethoxymethylenenalonate was conducted at 1000 according to our usual
technique. The pure diethyl 6-methyl-3-pyridylaminomethylenemalonate
(NP-55) was isolated in practically quantitative yield after recrystal-
lization from hot heptane. The thermal cyclization of NP-55 was then
conducted in refluxing diphenyl ether. This cyclization was accompanied
by extensive decomposition as evidenced by the production of a black
reaction mixture. The product, 3-carbethoxy-4-hydroxy-6-methyl-l,5-
naphthyridine (NI-54), separated from the reaction mixture upon cooling,
and could be obtained pure only by repetitive trituration with hot
ethanol. Its infrared spectrum (Figure 17)is somewhat atypical in that
it exhibits two distinct peaks in the carbonyl region. The peak near
5.8511 may be assigned to the ester absorption, and the peak near 6.011
may be assigned to the naphthyridone tautomeric form (31).

4000 3000 2000 1500 CM" 1000 900 800 700
0.0 2, .L0.0

.10 =.I

02 .... 2

c o 3 0
o

0. . . .60------
n i.40 .40

de50ip c o p io50.60 CH COC 2" CH " a 3 :=I6
I:.70 444 .70

1.0o t± 1.0

3 4 5 6 7 8 9 10 11 12 13 14 15
WAVELENGTH (MICRONS)

Figure 17. Infrared spectrum of 3-carbethoxy-4-hydroxy-6-methyl-l,5-
naphthyridine (nujol mull).

The hydrolysis of the ester group of NI-54 proceeded without any
difficulties. The pure acid, NI-55, could be obtained pure in only 57%
yield, however, by reprecipitation from aqueous base with hydrochloric
acid. The infrared spectrum for the pure acid is reproduced in Figure 18.
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Figure 18. Infrared spectrum of 3-carboxy-4-hydroxy-6-methyl-
1,5-,aphthyridine (nujol mull).

In the succeeding step, decarboxylation of the acid in refluxing
diphenyl ether (250*) was without effect. The decarboxylation proceeded

smoothly in nujol at 300, however, to afford the hydroxy derivative (NI-56)
in a crude yield of 93%. The reaction of NI-56 with refluxing phosphorus
oxychloride via the standard technique afforded the corresponding pure 4-
chloro analog (NI-57) in 63% yield. The infrared and proton spectra for
NI-56 and NI-57 are reproduced in Figures 19 and 20 respectively, and are
in complete accord with the formulated structures.
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Figure 20. P roton spectrum of 4-hro-6ethyl--fl phthyridi
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The application of the EVAE technique for the formation of the
4-chloro-6-methoxy-8-methyl-l, * 'viphthyridine was also explored this year.
Condensation of performed NP-61 with diethyl ezhoxymethylenemalonate was
conducted via our usual pocedure.

0
3 EtOCH=C(COEt)2 ? + EtOH

NH 1050, 1 Hr. HCH=C(COEt) 2

CH3  CH3

The recrystallized acrylate, NP-62, was isolated in 92% yield.
The proton spectrum for this precursor is reproduced in Figure 21.

' f [1 -f "ar .61
C0 N 0 0pfy 0

L CHH=1 ' ,COCI'4CH 3  I
'COCH CH ICH ti - 3

H 3  0

I i iJ,

Figure 21. Proton spectrum of diethyl 6-methoxy-4-methyl-3-pyridylamino-
methylenemalonate (CDCl 3).

In the succeeding step, the purified acrylate (NP-62) was
thermally cyclized in refluxing diphenyl ether.

*7
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HO0

3h 2 0C0 3  ;oN COCH CH

CH-C(COEt) 2  2500 1 N

CH 3  CH 3

(UP-62) (NI-67)

The crude yield of the resulting ester, NI-67, was only 40%. 'art
of the problem associated with the low yield at this stage has been attri-
buted to the high solubility of NI-67 in the diphenyl ether. The pure
ester was obtained as a white solid after recrystallization from hot ethanol.
Its infrared spectrum is reproduced in Figure
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Preparation of 2,4-Dichloro-l,5-
Naphthyridines via the EMME-N-OXIDE Route

As previously disclosed in Scheme 7, the critical step in the
EMME-N-OXIDE procedure involves the selective oxidation of the ring-I
nitrogen of the performed 6-substituted-4-chloro-l, 5-naphthyridine3.

Cl Cl
Peracid _R N
Oxidation'

0

A priori, this selective oxidation of the ring-i nitrogen atom
to the complete exclusion of oxidation of thL ring-5 nitrogen would
seem to be highly speculative. This is particularly true since Hart
has reported that 1,5-naphthyridine itself yields a mixture of both its
mono- and bis-N-oxides even when reacted with only one mole equivalent
of peracetic acid (33). However, we reported last year that the peracetic
acid oxidation of 4-chloro-l,5-naphthyridine, NI-38, led to the exclusive
isolation of a mono-N-oxide, NI-39, even when the reaction was conducted

under forcing conditions with an excess of the peracid (12). Also, as
reported last year, unequivocal chemical proof for the selective oxidation
of the ring-i nitrogen atom of NI-39 rested upon its subsequent conversion
into 2,4-dichloro-l,5-naphthyridine (NI-15).

This year, we have extended this general procedure for the
formation of a variety of 6-substituted-4-chloro-i,5-naphthyridine-l-N-
oxides. The most efficient mode of synthesis involved reaction of the
appropriately sbusticuted 4-chloro-l,5-naphthyridine with slightly greater
than one mole equivalent of m-chloroperoxybenzoic acid (m-CPB) in chloroform
solution for three days. A summary of the reactions rin to date is included
immediately below.

Cl Cl

R m-CPB R

CHCl3, 250, 3 DaysN

0

R NI No. NI No. Yield

H 38 39 64
CH3  57 66 85
CH30 28 -- 75 (est.)
CF3CH20 13 43 97
n-BuO 12 44 70
Cl 23 71 74

I.
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In the tabulation above, the yield refers to the crude yield

of product and in many cases have not been optimized. Also, the 6-methoxy-
N-oxide was prepared on a very small scale and was characterized only by
spectral means (see below). The analytical data for the newly characterized
mono-N-oxides are included in Table 5 at the end of this section. As seenby inspection of Table 5, the analytical data are solely in accord with a

mono-N-oxide structure. The proof that only the ring-I nitrogen atom hasbeen selectively oxidized rests upon chemical transformation (vide infra)
and unequivocal spectral evidence. For example, the proton spectrum of
4-chloro-6-methyl-l,5-naphthyridine-l-N-oxide, NI-66, is reproduced in Figure 23.

t , ,

I ~ Figure 23. Proton spectrum of 4-chloro-6-methyl-l,5-naphthyridine-l-N-

oxide (CDCI3) •

In comparing the proton spectrum of NI-66 with that of its nor.-
oxidized starting material (NI-57, Figure 20), the following significant
changes have occurred upon the introduction of the N-oxide grouping. First,,
there has been an upfield shift of the ring-2 proton resonance (A -+0.27 ppm).
Secondly, a strong deshielding of the ring-8 proton resonance has occurred-0.74 ppm). Finally, there has been an increase of 2.2 Hz in the

coupling constant of the ring-2 and ring-3 protons. These findings are
only in agreement with the interpretation that the ring-1 nitrogen has been
selectively oxidized. Similar spectral shifts are observed in the protonspectra of the remaining 6-substituted-4-chloro-l,5-naphthyridine-l-N-oxides

icharacterized this year (Figures 24-26).
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0

Figure 24. Proton spectrum of 4-chloro-6-(2,2,2-trifluoroethoxy)-
1, 5-naphthyridine-1-N-oxide (CDC1 3)

I I - C L

Jyi 1~~k( !cc2)3oX

N-oxide (CDC1 3 )
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!MIT
/0

Figure 26. Proton spectrum of 4, 6-dichloro-l,5-naphthyridine-
1-N-oxide (CDC1 3 ).

A summary of the changes induced in the proton spectra for each
of the compounis characterized to date upon the introduction of the 1-N-oxide
grouping is included in the following tabulation.

PROTON SPECTRA OF N-OXIDES

¢1

Rj---->[°1 z

A T (ppm) A J (Hz)
R H-2 H-8 H-3 H-7 2A 7,8

H +0.30 -0.71 +0.05 -0.10 +2.1 +0.0
CH30 +0.27 -0.71 +0.07 -0.08 +2.3 +0.2

CF3CH20 +0.29 -0.69 +0.08 -0.07 +2.2 +0.5

n-BuO +0.21 -0.71 -0.02 -0.14 +2.1 +0.0

Cr3  +0.27 -0.74 +0.05 -0.15 +2.2 -0.1

Cl +0.34 -0.65 +0.09 -0.06 +2.1 -0.1
*H (-Cl) +0.42 -0.68 +0.07 -0.10 +2.9 +0.5

* W. W. Paudler, et. al., J. Het. Chem., 7, 291 (1970)

k1
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As shown on the previous page in all cases the significant changes
in the proton spectra upon oxidation are:(l) a strong downfield shift of
the ring-8 proton resonance; (2) a moderately strong upfield shift of the
ring-2 proton resonance; and (3) an increase of about 2 Hz in the 2,3 coupling
constant. These correlations are in excellent agreement with the data Paudler
has obtained for the mono-N-oxide of the mon-substituted 1,5-naphthyridine
(see last entry in the tabulation above, 34).

Our present interpretation for this selective oxidation is based
upon steric considerations. While Paudler has demonstrated that the more
basic nitrogen atom in the non-substituted l,x-naphthyridines (x = 6,7)
may be selectively oxidized employing m-CPB, he has also reported that he
was unable to prepare the bis-N-oxide of 1,8-naphthyridine (24). Since the
steric requirements necessary to produce a 5-N-oxide in the presently studied
series should be even greater than that required for the preparation of a
bis-N-oxide of 1,8-naphthyridine (4-chlorine substituent as compared to a
4-N-oxide grouping), it is easy to understand the selectivity of this
reaction. It is of interest to note, however, that it has been reported
that the 5-nitrogen atom was selectively oxidized in the benzo-(b)-l,5-
naphthyridines (3).

The succeeding step of our general EMME-N-OXIDE synthesis proceeded
well in the cases studied to date:

Cl Cl

R POCl 3  R N

~~-kN L ' N- Cl

0

R NI No. NI No. Yield

CF3 CH2  43 45 93

n-BuO 44 68 98
CH3  66 51 60

H 39 15 100 (13)

This step involves the general Meisenheimer reaction in which the
action of phosphorus oxychloride or surfuryl chloride on the N-oxide function
of pyridine or a polycyclic azine results in nucleophilic substitution by
the chloride ion at a ring carbon and simulatneous loss of oxygen (36). Based
upon full analytical (Table 5) and spectral data (vide infra), the products

are formulated as the 2,4-dichloro-l,5-naphthyridines. While the Meisenheimer
reaction usually results in a mixture of isomers (37), this is precluded in
the presently studied series since the chloride nucleophile can only enter
the 2-position. For example, the proton spectrum for the 2,4-dichloro-6-
(2,2,2-trifluoroethoxy)-l,5-naphthyridine, NI-45, is reproduced in Figure 27.

i
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CL

,-" C F 3CH 2 0 N"
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it i ' 1  I,
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Figure 27. Proton spectrum of 2,4-dichloro-6-(2,2,2-trifluoroethoxy)-
1, 5-naphthyridine (CCI3)

As predicted, the ring H-3 resonance of NI-45 is present as a sharp
singlet at 2.39T. This chemical shift agrees well with that observed for
the corresponding proton in the related 2,4-dichloro-l,5-naphthyridine, NI-15,
which could also be prepared via an alternative and unambiguous synthetic
procedure (2.29, 12 30). Moreover, the coupling constant for the H-7
and H-8 ring protons (1.83T and 2.73r', J7 8 = 8.9 Hz) agrees well with
that observed for the A-ring protons of 2,4-dichloro-l,5-naphthyridine
(ca., 9 Hz, 12). Since the observed coupling constant is larger than that
exhibited by the B-ring protons of 2,4-dichloro-l,5-naphthyridine (ca., 7 Hz,
12), it can be concluded that the structure is as formulated. Also, the
possibility of chlorine migration into the A-ring--a distinct possibility
in the Meisenheimer reaction (37, 38)--must therefore be discounted. The
proton spectrum for the 6-n-butoxy analog (NI-68, Figure 28) also displays
the same characteristics.

3 4* HtC
~. CH C 2 H2C H 2

*1 I'

(CDCl3).

L II
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3.3 Synthesis of 2-Alkoxy-4-Chloro-l,5-
Naphthyridine Intermediates

The succeeding step in our general syathesis of the target structures
involves the selective displacement by oxygen nacteophiles at the 2-position
in the 6-substituted-2,4-dichloro-l,5-naphthyridines.

Cl Cl
R

R C R'OH

(R' = H, CH3) K OR'

A priori, the reactions depicted above should proceed as indicateG.

Using an adaptation of the approximate quantum mechanical treatment developed
by Longuet-Higgens (39) and subsequently applied to heterocyclic chloro
compounds by Chapman (40), Oakes and Rydon have calculated that the 2-chlorine
atom present in these 2,4-dichloro-l,5-naphthyridines should be the more
reactive (13-15 30 . These 2,4-dichloro-l,5-naphthyridines should, therefore,
resemble the 2,4-dichloroquinolines rather than the 2,4-dichloroquinazolines.
This has been experimentally verified by the results of our own and other
investigations. Indeed, the reaction of 2,4-dichloro-l,5-naphthyridine,
itself, with either water or methanol did lead to the exclusive formation
of the 2-substituted product, when the reactions were conducted under acidic

OR
conditions (j2_ _30). O

N

Cl
W CI ROH

N4
(HCl, l) Cl

R=H, NI-17

(NI-15) >N R=CH3, NI-16

OR

However, we have found that this technique was not generally
applicable for the introduction of oxygen functionality into the 2-position

of the 6-substituted-2,4-dichloro-l,5-naphthyridines. For example, the
reaction of 6-n-butoxy-2,4-dichloro-l,5-naphthyridine, NI-68, with methanolic
hydrogen chloride was sluggish (several days at reflux), and a prominent
band near 6.0 w was present in the infrared of the crude product. No
reaction at all was observed between NI-68 and methanol itself even after
several days at reflux. Also, in the presence of one mole-equivalent of
sodium methoxide at room temperature, unreacted starting material was
completely recovered. As reported in the experimental section, however,

methoxide did react with NI-68 at reflux. In addition to a small quantity
of unreacted starting material, two discrete, isomeric products were
present in the crude reaction mixture. Substantially the same results were
observed for the reaction of 6-(2,2,2-trifluoroethoxy)-2,4-dichloro-l,5-
naphthyridine, NI-45, with methanol under either acidic or basic conditions.
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In view of the limited quantity of the 6-substituted-2, 4-dichloro-l,5-

naphthyridines available to us, we therefore restricted our attention
this year to the inclusion of methoxy functionality into the 2-position

of these intermediates under basic conditions. As a first step toward
understanding the mechanism of this reaction, as well as to gain a

useful tool for the assignment of absolute structure to each of the
isomers produced, we reinvestigated the reaction of 2,4-dichloro-1,5-
naphthyridine (NI-15) with methanol under basic conditions.

The reaction of 2,4-dichloro-l,5-naphthyridine (NI-15) with
methanol did, indeed, lead to attack at both the 2- and 4-positions under
basic conditions.

Cl C1 N OCH

I+ NaC CH~ N H3 N Reflux >

(NI-15) (NI-16) (NI-58)

The crude product mixture was isolated in quantitative yield
and exhibited the correct empirical formula (see experimental). However,

the proton spectrum of the crude product clearly disclosed the presence
of two discrete retroisomers (Figure 29).

O lio ~~~40 S tO ? I .

CL OCH3

' CN J3 C L

Figure 29. Proton spectrum of 4-chloro-2-methoxy-and 2-chloro-4-
methoxy-l,5-naphthyridine reaction mixture (CDCl 3 ).

ji"

. .
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Careful fractional crystallization of the crude mixture from
heptane led to a clean separation of the two isomers. The less soluble
component has been assigned the structure of the 2-chloro-4-methoxy-l,5-
naphthyridine (NI-58). The analytical data for NI-58 are included in
Table 6, and its proton spectrum is reproduced in Figure 30. The second
component present in this mixture had a proton spectrum identical to our
previously characterized 4-chloro-2-methoxy-,5-naphthyridine (NI-16,
Figure 31.

Figure 30. Proton spectrum of 2-chloro-4-methoxy-l,5-naphthyridine
(CDC1 3).

'-- 0¢H

Ct

Figure 31. Proton spectrum of 4-chloro-2-methoxy-,5-naphthyridine
(CDCl 3).34,

lIi
' -¢ L

.... ' -I
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The unambiguous assignment of structure to NI-16 and NI-58 is
based upon the following argument. As stated earlier, we employed the
procedure as reported by Cheng (Z) in an initial preparation of NI-16 (12).

Cl Cl
N N

ci OC(o 3

(NI-16)

56%

While only a 56% recovery of product could be obtained via this
procedure, only one component was present in the isolated product.
Moreover, Cheng reported that this product (m.pt. 114-115*) exhibited a
proton spectrum identical to the product arising from the O-alkylation
of 4-chloro-2-hydroxy-l, 5-naphthyridine (2).

Cl C1 C1

NN

a __ 2 2 
N~~

oH No

a 3

There can be no doubt, therefore, that the product arising
from reaction of 2,4-dichloro-l,5-naphthyridine with methanol under acidic
conditions must have the 4-chloro-2-methoxy-l,5-naphthyridine structure
(NI-16). The structural assignments applied to NI-58 and NI-16 in
Figures 30 and 31 are therefore substantiated.

Of utmost importance in the proton spectra of NI-58 and NI-16
is the rather dramatic chemical shift difference exhibited by the respec-
tive ring H-3 protons.

N Cl N OCH 3  3.13T

(NI-16) (NI-58)

This chemical shift of the H-3 protons serves as a useful
diagnostic tool for the identification of the respective retroisomers.

(vide infra).
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In view of the results of this model reaction, it is now clear
that the preferential reactivity of the 2-position of the 6-substituted-
2, 4-dichloro-l,5-naphthyridines is almost totally destroyed when the
reactions are conducted under basic, rather then acidic conditions. A
mixture of the two possible retroisomers is produced. A summary of the
pertinent data gathered to date is included in the following tabulation.

R 3 NC OCH

N a d H 3 R, , + R 3 C l
3Cl CII 30IL CH 3  1(-"C

(A) (B)

A B

R NI-No. % Yield H-3(r) NI-No. % Yield H-3(T)

H 16 60 2.86 58 40 3.13

C113 0 -- 35 2.90 42 45 3.12

CF3 CI 20 59 20 2.89 46 65 3.17

C11 3  52 50 2.85 53 50 3.07

C113 (C1f 2 ) 3 0 72 30 2.98 69 48 3.09

The respective retroisomers were conveniently separated via their
differing solubilities in heptane (see experimental). The analytical data
for each of the newly characterized 2- and 4-methoxy derivatives are
included in Table 6 at the end of this reaction. The yield of each isomer
is not the isolated yield, but an estimation of the percentage of each
isomer produced in the crude reaction mixture. This was obtained by a
combination of either proton nmr or infrared spectral means. As stated
earlier the chemical shift of the H-3 proton singlet serves as a useful
diagnostic tool for the absolute assignment of structure to each of the
retroisomers produced. For example, the proton spectra for the 6-(2,2,2-
trifluoroethoxy) and 6-methyl retroisomers are reproduced in Figures 32,33
and 34,35 respectively. In each instance, the chemical shifts of the ring
H-3 singlet follow the same pattern.

]ii

' .; .. .. : . <. .. . .4
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-~~~ CF3CH2O.Nfj

Figure 32. Proton spectrt= of 4-chloro-2-m~ethoxy-6-(2,2,2-trifluoroethoxy)-
1, 5-naphthyridine (CDC1 3 ).

70 10 10 0 P,1l14 0 70 Ila

aC L

1,5-naphthyridine (CDC1 3).

4~
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CL

Figure 34. Proton spectrum of 4-chloro-2-methoxy-6-methyl-1,5-
naphthyridine (CDC1 3).

CHH

Figure 35. Proton spectrum of 2-chloro-4-methoxy-6-methyl-1,5- 1
aaphthridin (CDC

3I
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It should be noted in the proton spectrum of the 4-chloro-2-
methoxy-6-methyl-l,5-naphthyridine, NI-52, that this isomer could not
be completely separated from its retroisomer even after exhaustive fractional
recrystallization from heptane as attested by the minor resonances present
in Figure 34. Substantially the same results were obtained with the
two 6-n-butoxy retroisomers (Figures 36 and 37). The darkened peaks in
Figure 36 represent the presence of either unreacted starting material or
its retroisomer. In all instances, however, satisfactory analytical data
were obtained (Table 6).

20 10 40. .00 PP(T 0070 O9

C/

C' -2 '2 H2

U. -- - - -00 -

Figure 36. Proton spectrum of 6-n-butoxy-4-chloro-2-methoxy-l, 5-
naphthyrdine (CDCI3) •

CH3CH 2CH2C 1120 fN>; N

N.  C

6 - ... . .. . - - , *

Figure 3. Proton spectrum of 6-n-butoxy--chloro-2-methoxy-l, 5-
naphthyridine (CDC 3 ).

20,00 10 PtMI .+. *4 .,.@..00 , *0,, .,,,0+.

'-/ l~i+,+++ o++ ++
'+Jf +: ++m m: " "-. + i"%+ : .... :+ .. .. -"+'+: :':: :,'' -' - r ' ++ *- -/ : : " . ..... :- ": . .. .. ... '" ' ..
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In the reactions of 6-methoxy-2, 4-dichloro-l,5-naphthyridine
(NI-57) with methoxide, virtually identical results were obtained. In this
instance, however. we have not as yet been able to cleanly separate and
characterize the desired 2-methoxy-4-chloro intermediate. However, it
is now clear from the chemical shift of the H-3 proton of the isomer characterized
to date (NI-42, 3.12 T, Figure 38) that this must be the 4-methoxy-2-chloro
isomer.

. - - - l - . e

0 OCH3

Figure 38. Proton spectrum of 2-chloro-4,6-dimethoxy-1,5-naphthyridine
(CDC1 3).

In sumary, it is now clear that in the reactions of methoxide
with the 6-substituted-2,4-dichloro-l,5-naphthyridines, a mixture of
the two possible retroisomers is produced (in addition to a small amount
of by-product).

C1 C1 OCH3
NNaOCH R NR;*

CH HOH +
(Cl. 3 CH3 n C

These retroisomers may be separated based upon their differing
solubilities in heptane; the 2-methoxy-4-chloro isomers being the more
soluble in all cases. Also, the chemical shift of the H-3 proton in
these retroisomers serves as a useful diagnostic tool for their structural
assignment.

4'
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3.4 Synthesis of Target Structures

As previously illustrated in Scheme I of this report, the final
step in our overall synthesis of the target 4-amino-l,5-naphthyridines
involves the reaction of diamines with our previously characterized 6-
substituted-4-chloro-2-methoxy-l,5-naphthyridine intermediates.

Cl NH-R'

R N R'-NH2
OCH 3

N OCH 3  O

R = Alkyl, Alkoxy
R' = Pamaquine, Pentaquine and

Primaquine Side Chains

A full discussion of the results obtained to date in the utilization
of this procedure for the isolation of the desired target structures is
presented below. In addition, at the specific request of Walter Reed personnel,
we have also explored the reactions of diamines with the 6-substituted-2-
chloro-4-methoxy-l,5-naphthyridine retroisomers as a general route to the
2-amino-l, 5-naphthyridine target structures.

OCH 3  OCH3

R~N> R'-NH2  R

Cl N NH-R'

The results acquired to date in each of these two general areas

will be discussed in turn. Also, all of the compounds which were characterized
and submitted for biologic testing in conjunction with these studies are
included in Table 7 at the end of this section along with their physical

constants and full analytical data.

4-Amino-1,5-Naphthyridines

The general synthetic techniques which are applicable for inclusion
of the diamine side chains have been discussed in full detail in our last
annual report (12). Our synthetic efforts for last year were directed at
the inclusion of alkoxy substituents into either the 6- or the 2-position
of the 4-amino-l,5-naphthyridines. This year, our efforts in the title
area were extended to the inclusion of substituents (alkyl and alkoxy) into
the 6-position of the 2-methoxy-4-amino-l,5-naphthyridines.

The inclusion of the 6-methyl group has been effected this year
by the reaction of 4-chloro-2-methoxy-6-methyl-l,5-naphthyridine, NI-52,
with the diamine corresponding to the pamaquine side chain.

1 '0

* i11I
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Cl
N CHN i J + ,c~ 3 N, 16l8o, 18 Hrs)

OCH H2CHcH2 )N~t 2 Cu (Sn)
3OCH 3CH 3

N NHCH(CH2 ) 3 NEt 2

CH3 U N_'CH3 + HC1

The analytically pure product, 2-methoxy-6-methyl-4-(4-diethyl-
amino-l-methylbutylamino)-l,5-naphthyridine, was isolated as a viscous,
amber oil in 51% yield by molecular distillation. The analytical data
are included in Table 7 at the end of this section, and its proton
spectrum is reproduced in Figure39. As predicted, the methoxy resonance
is present as a sharp singlet at 5.99T, and the 6-methyl resonance is
present as the singlet at 7.40T (overlapping the N-CH quartet). Of
utmost importance, however, is the appearance of the 4-amino resonance as
the broad doublet near 3.55T. The lowfield shift of this doublet con-
clusively proves that the diamine side chain has been introduced into
the 4-, rather than the 2-position. The structural assignments ascribed
to NI-52 and NI-53 in the preceeding section are therefore substantiated.
If the 2-amino-4-methoxy retroisomer of the depicted compound were pro-
duced, its 2-amino resonance would appear at a higher field strength
(T = 3.69 and 4.77 for the 4- and 2-amino protons respectively present
in our previously characterized 2,4-di-(4-diethylamino-l-methylbutylamino)-
l,5-naphthyridine, NI-32, (12).

CHH
HC HCH HCCH2NC

cH N c2C'CH2CH

"C H2CN

Figure 39. Proton spectrum of 2-methoxy-6-methyl-4-(4-diethylamino-l-
methylbutylamino)-i,5-naphthyridine (CDCI3)
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The free base prepared as described above was not submitted to
WRAIR, but was converted to its di-e -resorcylate salt for biologic
testing.

C H 0

CH N NHCH(CH 2)3 NEt 2  O

3-~* N C + 2 j~HEther

( OH 250

N3 OHH

N NHCH(CH 2 )3 Nt2 O
N OC l! 3  *2

N OCH3

(NT-22) H

The salt immediately separated from the reaction mixture and
was isolated by filtration under a nitrogen atmosphere. The analytical
data are included in Table 7, and its infrared spectrum is reproduced in
Figure 40.
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.40CA
<.50CH
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Figure 40(nujare spectrum of 2-methoxy-6-methyl-4-(4-diethylamino-l-]
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This year, we have also attempted to extend this procedure
for the inclusion of the corresponding pentaquine side chain. Accordingly,
our performed 4-chloro-2-methoxy-6-methyl-, 5-naphthyridine, NI-52, was
reacted with 5-isopropylaminopentylamine (41) in accord with our standard
technique.

C1
(CH (C 1700

+C N 2 (H2 2) 5 II(CH 3 ) 2  Cu [Sn]

(Excess]
(NI-52)

NH(CH2 ) 5 NHCH (CH3)2

CH -;l

OCR + HC1
OCH3

However, upon work-up of the reaction mixture, only a very low
yield (ca., 0.2g; CH30, 6.01T) of the desired product could be identified
in an early cut of the molecular distillation. The sole product isolated
in analytically pure form 'to date has proven to be 2,4-di-(5-isopropylamino-
pentylamino)-6-methyl-I, 5-naphthyridine.

NH(C 2) 5 NHCH(CH3)2

13hI~ (CH2) 5 (3) 2

This product, NI-63, was isolated in 31% yield as an amber oil
which slowly formed a low melting solid after standing. Its proton spectrum
(Figure 41)clearly discloses the loss of the 2-methoxy group in this
reaction. Moreover, the presence of two broad triplets at 3.57T and 5.0O0
(the 4-amino and 2-amino protons respectively) conclusively proves that the
diamine side chain has been introduced into both the 2- and 4- positions (12).
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NMI H l liC

- + .. ...

Figure 41. Proton spectrum of 2,4-di-( 5 -isopropylaminopentylamino)-6-
methyl-l,5-naphthyridine (CDC13).

To date, our efforts directed at the formation of 4-amino-1,5-
naphthyridines which incorporate both the 6-alkoxy and the 2-methoxy groups
have not been particularly rewarding. Displacement reactions of diamines
on the 4-position of NI-59 and NI-72 were conducted under a variety of
conditions. In general, reactions run at 1700 for eighteen hours led to as
yet uncharacterizable derivatives. Proton spectral measurements taken on
the crude reaction mixtures disclosed that the 2-methoxy groups were also
lost under these conditions. However, we have very recently found that
this competitive displacement of the 2-methoxy group may be circumvented
if the reactions are conducted under less forcing conditions. For example.
the reaction of NI-72 with novaldiamine has afforded the desired target
structure when the reaction was conducted at lower temperature (1400) for
an extended period of time.

CH3
Cl CH3  NHCH(CH2)3NEt2

CH3 (CH2) 30 N O NH2CH(CH2)3 NEt2  CH3 (CH2)30 N

OCH 1400, 2.5 Days -.. 0 H
(K2CO3) OCH3

! °. =- -7.
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The free base was separated from the crude reaction mixture by
column chromatography, and the depicte,. target structure has very recently
been characterized as its di-f-resorcylate. We are presently utilizing
this technique for the inclusion of a variety of 6-alkoxy substituents.
The results of these investigations will be reported at a later date.

2-Amino-l,5-Naphthyridines

At the most recent Contractor's Antimalarial Conference at
WRAIR (42), it was requested that we should explore the possibility of
preparing 2-amino-l,5-naphthyridine analogs of the following type.

OCH
N 3

R R = H, Alkyl, Alkoxy

R' = Pamaquine, Pentaquine and
NH-R' Primaquine Side Chains

The rationale for the synthesis of these derivatives
undoubtedly rested upon the similarity of these structures to certain
6-aminoquinolines,

OCH3

Ri N

NHCHCH 2 CH2CH2 NEt 2

R2 R3

which have been reported to exhibit prophylactic activity against malaria
(43). Accordingly, we have applied a limited synthetic effort this year
to develop a useful preparative route to these analogs. A priori, the
most direct route to the 2-amino-l,5-naphthyridines would involve the
reaction of our previously characterized 6-substituted-2-chloro-4-methoxy-
1,5-naphthyridines with diamines. The synthetic progress attained this
year utilizing this approach is explained below.

As depicted by the equations below, the reactions of the 6-alkoxy-
2-chloro-4-methoxy-1,5-naphthyridine intermediates (NI-42, NI-46, and NI-69)
with the diamines corresponding to the pentaquine and pamaquine side chains
were conducted this year in accord with our standard technique.

C' - - - --. --- ..
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KH 2CH(C 2 ) 3h~t2 R O H

OCH3  170%, 18 Hrs. R 7 jZ t3RO 1NICE'CHl2 ) 3t2

S OCH3

NH 2 (CH(H2) 5NHCH(CH 2 RO

= uH3, CF3CH2, 1700, 18 Hrs.

CH3(CH2)3  NH(CH2) NHCH(CH3)2

The reactions directed at the inclusion of the pamaquine si~e
chain were not particularly facile, and considerable amounts of unreacted
starting material were present even when conducted in the presence of copper-
bronze catalyst at 170' for eighteen hours. Also, the isolation of products
from each of these reactions via molecular distillation afforded only low
yields of distillable material. The pamaquine side chain products derived
from the 6-methoxy- and 6-(2,2,2-trifluoroethoxy)- intermediates, NI-42
and NI-46, could only be isolated in yields of 30% and 19% respectively.
To date, we have been unable to isolate a characterizable derivative from
the reaction of the 6-n-butoxy analog, NI-69. Indeed, in the latter reaction,
the only isolable material proved to be a thick gum which distilled over
a fairly broad range. Moreover, examination of the proton spectrum of this
gum disclosed the loss of the 4-methoxy group. While we presently can
offer no interpretation of this iesult, part of the problem may lie in
the atmospheric oxidation of the products produced in thse reactions. For
example, the free bases derived from the reactions of NI-42 and NI-46 were
observed to rapidly darken and become very viscous upon standing at room
temperature overnight. For characterization purposes, the free bases
were therefore immediately converted into their di-4 -resorcylate salts in
ether solution at 250.

0

OCH 3  COH

R0 H Cl+ 2 O Ether
NHCH(CH2)3NEt2  250

OH

OCH 3  
03 eOH

RO COH R = CH3, NT-20

' .N NHCH(CH2)3NEt2  R = CF3CH2, NT-21

OH

o.1
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Both products, NT-20 and NT-2l, were isolated by filtration under
a nitrogen atmosphere. Each of these~ derivatives proved to be extremely
hygroscopic, and the 4, 6-dimethoxy ,qnalog, NT-20, consistently analyzed as
a hemi-hydrate (Table 7). The infrared spectra for both NT-20 and NT-21
are included in Figures 42 and 43 respectively.
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Figure 43. Infrared spectrum of 4,-methoxy--(,2,2-tfloroetox--(
dithlain-thylhylbutylmino)-l,5-naphthyridine diyaeh-reryate
(nujol mull).
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The reactions of NI-42, NI-46 and NI-69 with 5-isopropylamino-
pentylamine (41) as a route to the pentaquine side chain analogs were
also not particularly rewarding in that extensive tar formation accompanied
the condensations. To date, only the 4,6-dimethoxy-2-(5-isopropylaminopentyl-
amino)-l,5-naphthyridine could be isolated in high enough yield for characterization
as its di-A-resorcylate salt, NT-23.

OCH3

C 3  h( 1650, 18 Hrs.

32 (CH2 ) 5NC (C 3) 2 K 2CO3

C1+HC

CH30 OH -3 + HCI

NR(CH 2)5 NHCH(CHR3)2

CO2H

OH

2 ,Ether, 250

OCH OH C02H

CH30 .2 OH

NH(CH2) 5NCH (CH3) 2
OH

t (N-23) O

In this instance, the initial displacement reaction was conducted
in the presence of one mole-equivalent of potassium carbonate which served
as an acid scavenger for the hydrochloric acid produced in the reaction.
The free base was isolated by molecular d stillation 1., 43% yield as a
yellow oil. A sample of this free base quickly darkened and became very
viscous upon exposure to air. The di-g-resorcylate salt was therefore
immediately prepared by the dropwise addition of a slight excess of 2,4-
dihydroxybenzoic acid in ether into an ether solution of the free base
at room temperature. The salt immediately separated from solution and I
was isolated as an extremely hygroscopic white solid. This material, NT-23,
consistently analyzed as a hemi-hydrate (Table 7). Proton spectral measurements
confirm its formation in that two methoxy singlets of equal intensity were
present at 5.98 and 6.01 (dilute solution in deuteromethanol). The infrared
spectrum for this derivative i. reproduced in Figure 44.

1-_
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Figure 44. Infrared spectrum of 4,6-dimethoxy-2-(5-isopropylaminopenLyl-
amino)-1,5-naphthyridine di- e -resorcylate hemi-hydrate
(nujol mull).

The extension of this reaction to include the 6-alkyl, rather than
the 6-alkoxy functionality, was also explored this year. For example, we
attempted the reaction of 2-chloro-4-methoxy-6-methy-l,5-naphthyridine,
NI-53, with novaldiamine as a route to the corresponding pamaquine side
chain derivative.

OCH3  Hi

C3 + NH2 CH(CH2 ) 3NEt 2  1700 -

OCH

CHC

3 + HU
CH CH2) 3 NEt2

41
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In this instance, however, the desired product was not obtained,
and the sole isolable derivative proved to be the corresponding 2,4-diamino-
analog,

CH
NHCH(CH

2 ) 3NEt 2

/ N / NHCH(CH2) 3NEt 2"

CH 
3

This product, NI-64, was isolated in 66% yield. The structural
assignment for NI-64 again rests upon full analytical data (Table 7 and
its proton spectrum (Figure 45). That the 4-methoxy group has been lost
in this reaction is readily apparent by the conspicuous absence of a methoxy
singlet near 6.OT. The 4-amino doublet is present near 3.64T, and the
2-amino proton resonance is present as the singlet at 2.50T (aged sample
in CDCl3).

CW3

NHCHCH 2CH2CH2N(C142 CH)

CH.

'Ii

Figure 45. 1roton > IP.t 4

Figure 45. Proton spectrum of 2,4-di-(4-diethylamino-l-methylbutylamino)-i ~6-me thyl-, 5-naphthyridine (CDCI3)

This 2,4-diamino derivative was submitted to WRAIR as the free
base (amber oil). We have also prepared the e-resorcylate salt by the
addition of an excess of 2,4-dihydroxybenzoic acid into an ether solution
of the analytically pure free base.
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13 It

C N NHCH (CH 2)3 NEt 2  COH HEte

N'NHCH(CH) NEt
1 2 3 2 250
CH OH

(6.0 Mole-Eq.)

CH
1 3 0

NnHCH(CH 2)3 3 Et 2  O

CH
33

CIL 3  OH

The white solid which quickly separated! was isolated by filtration
and analyzed for the tri- -resorcylate salt (Table 7). Its infrared spec-
trum is reproduced in Figure 46.
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3.5 Synthesis of Miscellaneous Intermediates

In conjunction with our other studies, a number of miscellaneous
intermediates have also been characterized and submitted for biological
testing this year. They are listed in Table 8 at the end of this section,
and their preparative chemistry is discussed below.

The preparation of 6-benzyloxy-3-carboxy-4-hydroxy-l,5-
naphthyridine, NI-47, was accomplished via hydrolysis of its 3-carbethoxy
ester (NI-41, 12). The acid was isolated via our usual technique and it
consistently analyzed as a hemi-hydrate (Table 8). Its infrxed spectrum
(Figure 47) is consistent with the formulated structure. We are presently
attempting the decarboxylation of this acid as a route to the 6-benzyloxy
target derivatives.
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The two succeeding intermediates listed in Table 8 were prepared
in conjunction with our studies directed at the inclusion of the primaquine
side-chain onto the 4-position of the l,5-naphthyridine ring. Reaction of
4-chloro-6-(2, 2, 2-trifluoroethoxy) -1, 5-naphthyridine (NI-13) with axmonia
was attempted through the intermediacy of its 4-phenoxy derivative.

Cl OPh

CF3CH20PhOli, KOH CF 3CH 2 0t .. NH3, NH4OAc
1600, 3 hz's 135%, 3 hrs.

(NI-13) (NI-48)

N

N
(NI-49)

While the crude phenoxy derivative could be isolated in high
yield, its reaction with ammonia was sluggish. Both the 4-amino analog
(NI-49) and the 4-phenoxy compound (NI-48) were present in the final
reaction mixture. Each of these products were isolated in pure form
(Table 8), and the infrared spectrum for the 4-amino derivative is
reproduced in Figure 48. It is our present contention that more forcing
reaction conditions will have to be employed for the more efficient
preparation of the 4-amino inte±rmediate.
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Both 2-amino-4-chloro-l,5-naphthyridine (NI-60) and 2,4-diphenoxy-
1,5-naphthyridine (NI-61) were prepared as described in the literature (3_).
Their physical constants were virtually identical to that reported, and
their infrared spectra are reproduced in Figures 49 and 50, respectively.
We had initially sought their preparation as an alternative route to the
desired 2-amino target structures. However, a more efficient route to
the desired 2-amino target structures has been described in the preceding
section. We have, therefore, discontinued any further work in this area.
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Figure 49. Infrared spectrum of 2-amino-4-chloro-1,5-naphthyridine
(nujol mull).
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SFigure 50. Infrared spectrum of 2,4-diphenoxy-l,5-naphthyridine
h= (nuj ol mull).
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The succeeding intermediate included in Table 8, 4-chloro-l-methyl-
l.,2-dihydro-l,5-naphthyridine-2-one (NI-62 was prepared as the immnediate
precursor to the N-methyl-2-keto-4-amino-I., 5-naphthyr idine analog specifically
requested by WRAIR personnel. While the preparation of NI-62 has been
previously reported in the literature (.Z), diazomethane must be employed,
a mixture of isomers is produced, and the reaction is not suitable to scale-up.
Accordingly, we have developed an alternative route as shown below.

Cl Cl
0 Dioxane-H 20 N.

I + CH OSOCH3  OH,20 >
CK N""OH 0 N 'N NN0

(NI-17) CH3j

The product as prepared via this route had physical properties
identical to that reported in the literature (.Z), and it exhibited the
predicted infrared and proton spectra (Figures 51 and 52).
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Figure 51. Infrared spectrum of 4-chloro-l-methyl-l,2-dihydro-l,5-
naphthyridin-2-one (nujol mull).
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Figure -52. Proton spectrum of 4-chloro-1-methyl-1,2-dihydro-1,5-
naphthyridin-2-one (CDC1 3).

As a second general approach to the synthesis of the desired
N-methyl-2-keto-4-amino-1, 5-naphthyridine, we have prepared 2-methoxy-4-
(4-diethylamino-l-metliylbutylamino) -1, 5-naphthyridine, NI-70, as described
by Cheng (2).

Cl C
1 3 Zl L .

+NH 2CH(CH 2)3 NEt 2  KC0*.1 Hs

NHHC 2 CH 3 2*3

N CH3

NHHCH23 t

CH 3~
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The analytical data (Table 8) and proton spectrum (Figure 53)forthis intermediate are in accord with Cheng's report (2). This intermediate
was prepared, since Cheng reported a moderate translocation of the methyl
group from the ether linkage to the ring nitrogen when the reaction wasconducted in the presence of acid (2). We are presently reacting this
intermediate NI-70) with novaldiamine in the presence of 5 mole-eq. of
novaldiamine dihydrochloride for extended periods of time. The results of
these± studies will be reported at a later date.

NbeCHCH
2 C 243 2 C N

C 2C '3

3

Figure 53. Proton spectrum of 2-methoxy-4-(4-diethylamino-l-methylbutyl-amino) -i,5-naph thyridine (CDCI 3).

I I
LL

1;1



-83-

0

r-o~G LfufN

4

r4'

ca

4.) UO 0C
0 0lD ON L

4.)

*0 0 %
CH '0iC

A1. Hl14

Co $4 C 0

-4

0

ca

-4)

-4*

0

01 H C14

N cN
44 44



-84-

c00 V

a 0a

-Hc JH"I -

-1

4-zr

F4.

0

C)Y
Con

0 o

rI In

r-IV

0I

______



-85-

.a 0

0'o

cna

Cd L

LrC)

-4j

.4-,4

'-4z

C)) 0

oc



- 86 -

4. EXPERIMENTAL

The experimental procedures used to prepare each of the precursors,
intermediates and target 4-amino-l,5-naphthyridines which were submitted to
WRAIR this year are explained in detail below. The synthetic procedures
are listed numerically according to the code designation assigned to each
compound. The Naphthyridine Precursors (NP-44 through NP-69), Naphthyridine
Intermediates (NI- 42 through NI-72), and Naphthyridine Targets (NT-20 through
NT-23) are included in Sections 4.3, 4.4 and 4.5, respectively.

4.1 Commercial Chemicals

All chemicals were of reagent grade and were purchased from a
variety of commercial sources incluca-g Aldrich Chemical Company, Cedar
Knolls, New Jersey; Eastman Kodak Company, Rochester, New York; Ace Scientific
Supply Co., Inc., Linden, New Jersey; Matheson, Coleman and Bell East
Rutherford, New Jersey; ICN-K&K Laboratories, Inc., Plainview, New York;
PCR, Inc., Gainesville, Florida; Chemicals Procurement Laboratories, Inc.,
College Point, New York; Pfaltz and Bauer, Inc., Flushing, New York;
Columbia Organic Chemicals Company, Inc., Columbia, South Carolina;
Alfa-Ventron, Inc., Beverly, Massachusetts; J. T. Baker Chemical Company,
Phillipsburg, New Jersey; and Matheson Gas Products, East Rutherford,
New Jersey. All of the starting materials were used as received unless
otherwise noted.

4.2 Physical, Spectral and Analytical Methods

Melting points were determined on a Fisher-Johns melting point
apparatus and are uncorrected. Infrared spectra were obtained on a Perkin-
Elmer Infracord Spectrophotometer (Model 137) using sodium chloride optics.
Liquid samples were run as thin films and solid derivatives were run as
nujol mulls versus air. Proton NMR spectra were determined with a Varian
Associates A-60 spectrometer; samples were either run neat or in deutero-
chloroform solutions at room temperature. Chemical shift values are
expressed in tau (T) units versus internal tetramethyl silane as standard
(10.0 T). Refractive indices were carried out at 20-25" employing a thermo-
stated Zeiss refractometer. Elemental analysis for carbon, hydrogen, nitrogen,
chlorine and fluorine were performed by the Analytical and Information
Division, Esso Research and Engineering Company, Linden, New Jersey.

'ii



87- -

4.3 Naphthyridine Precursors (NP-44 through NP-69)

6-Methylquinolinic Acid (NP-44)

In accord with the procedure as reported the literature (1315)
a solution of 8-hydroxy-2-methylquinoline (20.0g, 0.126 mole) in 75 ml. of
carbon tetrachloride was added very slowly into 100 ml. of fuming nitric
acid (90%) at 0-5* . When the addition was completed, the mixture was
slowly warmed and was allowed to stir at room temperature overnight. The
red-brown solution was then slowly heated to 75-85* at which point a
nitrogen purge was started to aid in the evolution of the brown fumes.
The solvent was slowly evaporated until the volume was reduced to about
50 ml. After cooling to room temperature, 300 ml. of water was added
and a small amount of insoluble yellow solid was removed by filtration.
The water was removed on a rotary evaporator to afford a thick red-brown
gum. The gum was taken up in 25 ml. of ethanol, and 100 ml. of ether was
added dropwise with efficient stirring. A gummy oil separated which
gradually formed a yellow suspension after stirring for several hours.
Analytically pure 6-methylquinolinic acid was then isolated as a yellow
powder in 48% yield (ll.0g) after filtration, washing with ether and
drying at 800 under reduced pressure. The infrared spectrum is reproduced
in Figure 1, and the analytical data are included in Table 1.

6-Methyluinolindiamide (NP-45)

Diethyl 6-methylquinolinate was first prepared via the following
procedure. Concentrated sulfuric acid (30g) was slowly added to absolute
ethanol (30g) with cooling. Previously formed 6-methylquinolinic acid
(12.0g, 66.2 mmmole, NP-44) was then added slowly as a solid at room tem-
perature. The mixture was slowly brought to 95' and was maintained at
that temperature for four hours. The resultant dark brown solution was
cooled to room temperature and was hydrolyzed by slowly adding into 300g.
of ice water. The pH was adjusted to 8 by the addition of concentrated
ammonium hydroxide. The mixture was then extracted five times with 150 ml.
of ether. The combined ether layers were dried (MgS04 ) and the solvent
removed to afford the crude ester as a dark brown oil in 64% yield (10.0g).

Crude diethyl 6-methylquinolinate (12.5g, 58.2 mmole) was then

suspended in 120 ml. of concentrated ammonium hydroxide at room temperature.
Gaseous ammonia was bubbled through the mixture for about five hours. A

suspension formed which was filtered to afford crude product as a light
tan solid in 58% yield (6.1g) after air drying. The analytical sample
(Table 1) was obtained as a white solid after recrystallization from
methanol (charcoal). The infrared spectrum for this precursor is repro-
duced in Figure 2.

________ !
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6-Methylquinolinimide (NP-46)

Preformed 6-methylquinolindiamide (8.5g, 47.6 mole, NP-45)
was placed in a 100 ml., one neck flash surrounded by an oil bath at
room temperature. The temperature of t.:e oil bath was slowly raised and
the evolution of ammonia was monitored with wet pH paper. Very little
ammonia was given off until the oil bath had reached 2300. After
remaining at 230-235' for twenty minutes, the ammonia evolution ceased,
and the initial white solid had converted into a brown solid. After
cooling, the yield of crude imide was 94% (7.2g). The infrared spectrum
of the crude imide was superimposible upon that of an analytical sample
(Figure 3) which was isolated as an off-white solid after recrystallization
from ethyl acetate and drying at 80. The analytical data are included in
Table 1.

3-Amino-6-methylpicolinic acid (NP-47)

A solution of sodium hypobromite was freshly prepared by the
dropwise addition of bromine (12.3 ml.) into an ice-cold solution of
sodium hydroxide (264 ml. of 2N). The hypobromite solution was kept cold
and was immediately added dropwise into a solution of preformed 6-methyl-
quinolinimide (35.2g, 0.218 mole, NP-46) in 660 ml. of 2N sodium hydroxide
at 5%. The solution was stirred an hour at room temperature and an
additional hour at 800 before cooling to room temperature. The mixture
was then brought to a pH of 5 with 50% sulfuric acid and was left in the
refrigerator overnight. The precipitated sodium sulfate was removed by
filtration. A solution of cupric acetate (13.2g) and acetic acid (13.2
ml.) in 330 ml. of water was then added dropwise into the well-stirred
filtrate. The copper salt of 3-amino-6-methylpicolinic acid was then
isolated by filtration. The crude copper salt was suspended in water
(ca., 500 ml.) and gaseous hydrogen sulfide was bubbled through the
suspension for about two hours. The copper sulfide was removed by
filtration. The filtrate and combined hot water wash of the filter cake
was treated with charcoal and refiltered. Removal of the water under a
strong nitrogen stream afforded the crude 3-amino-6-methylpicolinic acid
in 84% yield (27.8g). An analytical sample (Table 1) was prepared by
recrystallization from warm water and drying at 1000 (0.10 mm). The
infrared spectrum for the pure acid is reproduced in Figure 4.

Ethyl 3-amino-6-methylpicolinate (NP-48)

Concentrated sulfuric acid (55g) was slowly added into absolute
ethanol (55g) at 100. Preformed 3-amino-6-methylpicolinic acid (22.0g,
0.145 mole, NP-47) was then slowly added as a solid to the cool solution.
The mixture was then heated to 95-100' for a total of four hours. The
brown solution was then cooled and slowly poured into ca., 500g. of ice-
water with efficient stirring. Concentrated ammonium hydroxide was added
until the mixture attained a pH of 8-9. The aqueous suspension was then
extracted three times with ether. The combined ether solutions were dried
over magnesium sulfate and the solvent was removed to afford the crude
ester in 28% yield (7.2g). An analytical sample (Table 1) was prepared
by recrystallization from ether-heptane and drying under reduced pressure
at 250. The proton spectrum for this ester is reproduced in Figure 5.
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Ammonium 3-carboxamido-6-
methoxypicolinate (NP-49)

Our previously characterized dimethyl 6-methoxyquinolinate
(42.0g, NP-36) was suspended in 1.4k of concentrated ammonium hydroxide
at room temperature. The suspension was stirred at 25' overnight before
filtering. The filtered product (8.8g) proved to be our previously
characterized 6-methoxyquinolindiamide (NP-37). An additional 2.2g of
NP-37 was obtained by concentrating the filtrate to about l. The water
was then slowly removed from the filtrate over a period of several days
by means of a nitrogen purge. A residual white solid was thereby
obtained (26.9g) which proved to be the crude title product. The analytical
sample (Table 1) was obtained by recrystallization from methanol-ether.
Note: it was observed that this salt was quantitatively converted into
our previously characterized 6.-methoxyquinolinimide (NP-38) upon pyrolysis
at 180-190'. The NP-38 thus obtained exhibited physical and spectral
properties identical to authentic NP-38 obtained from pyrolysis (210-220*)
of 6-methoxyquinolindiamide (NP-37).

Ammonium 6-methylquinolinate (NP-50)

Preformed 6-methylquinolinic acid (1. 0g, NP-44) was added all
at once to 50 ml. of concentrated ammonium hydroxide at room temperature.
After stirring for two hours, the solvent was removed under a strong
nitrogen stream. The residual solid was dried at 1000 (0.10 mm) and
analyzed correctly for the formulated structure (Table 1).

5-Nitro-2-picoline (NP-51)

As reported in the literature (23), sodium (18.0g, 0.784 mole)
was dispersed in xylene (400 ml.) by heating the mixture to 1250, stirring
at high speed for thirty seconds, and then allowing the dispersion to cool
to room temperature without stirring. Diethyl malonate (124.0g, 0.773 mole)
was then added dropwise with stirring while maintaining the temperature at
30'. The gelatinous mixture was then allowed to stand at room temperature
for three days. Commercially available 2-chloro-5-nitropyridine (124.0g,
0.783 mole) was then added portionwise and the mixture was warmed to 1100
with stirring for one and one-half hours. The mixture was then poured
into one liter of 50% sulfuric acid. The xylene layer was separated and
discarded. The aqueois phase was diluted with 500 ml. of water and re-
fluxed for seven hours. The mixture was then made basic with 50% sodium
hydroxide (about 1.2t), and repeatedly extracted with ether. The ether
extracts were combined and the solvent removed to afford the crude product
as an amber solid in 23% yield (29.7g). An analytical sample (Table 2)
was obtained as pale amber crystals by sublimation at 55-60 ° (0.06 mm).
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Ethyl 6-methylnicotinate (NP-52)

Ethanol (105 ml.) was added dropwise into concentrated sulfuric

acid (78 ml.) at 100 with efficient stirring. Commercially available

6-methylnicotinic acid (50.0g, 0.364 mmole) was then added portionwise

at 100. The suspension was heated to 80-90' for a total of four hours.

The mixture was cautiously poured onto about 500g of ice with stirring.

Aqueous sodium hydroxide solution (50%, ca., 200g) was then added drop-

wise until the pH was exactly neutral. The mixture was then extracted

twice with 500 ml. of chloroform. The chloroform layers were combined,

dried over magnesium sulfate and the solvent removed to afford crude prod-

uct as a pale amber liquid of high purity in 75% yield (45.0g). The pure
product was obtained as a colorless liquid in 71% yield by short path

distillation (42.7g, b.p. 119-120*/16 mm). The analytical data are in- v
cluded in Table 2, and its proton spectrum is reproduced in Figure 8.

6-Methylnicotinamide (NP-53)

As described in the literature (14), preformed ethyl 6-methyl-

nicotinate (40.0g, 0.242 mmole, NP-52) was stirred at room temperature

and concentrated ammonium hydroxide (400 ml.) was quickly added. The

oily dispersion cleared after three hours, and a white suspension formed
after four hours. After stirring at room temperature overnight, crude
product was isolated as a white solid in 73% yield (23.9g). An analytical

sample (3.7g, Table 2) was obtained as colorless needles by recrystalliza-

tion of the crude product (5.0g) from 150 ml. of hot water.

5-Amino-2-picoline (NP-54)

Preformed 5-nitro-2-picoline (21.0g, 0.152 mole, NP-51) in

150 ml. of methanol was added as a slurry into a refluxing mixture of
reduced iron powder (50.5g) and acetic acid (2.1 ml.) in methanol-water
(64 ml. each). The mixture was then refluxed overnight. At this point,
a black mirror still was not present on the walls of the flask which

usually serves as an indication of the completion of the reaction. More
acetic acid (8 ml.) and ihc.. (20.Og) was added and a black sheen gradually
started to appear. After refluxing for an additional day, 20% sodium

hydroxide was added (30 ml.), and the mixture was filtered. The filter
cake was slurried with hot methanol, filtered, and this filtrate added
to the first filtrate. A nitrogen purge was applied to the filtrates
overnight to remove the methanol. The residual water layer was then ex-
tracted four times with chloroform. After drying (MgS04), the chloroform

was removed to afford crude product as a brown solid in 61% yield (10.0g).
The analytically pure amine was isolated as pale amber crystals by sub-

limation at 600 (0.05 mm). The analytical data are included in Table 2

and the proton spectrum is reproduced in Figure 9.
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Diethyl 6-methyl-3-pyridylamino-
methylenemalonate (NP-55)

A sample of sublimed 5-amino-2-picoline (22.5g, 0.208 mole,
NP-54) was slowly added as a solid into neat diethyl ethoxymethylene-

malonate (45.0g, 0.208 mole) at room temperature with efliciet stirring.
Only a slight exotherm to 320 was noted during this adlition. The mixture
was then heated to 1000 for one hotr to drive the reaction to completion.
The ethanol produced in this condensation was allowed to escape through a
short air condenser. After cooling to toom temperature, a crystalline
solid quickly formed (m.p., 78-79'). This solid was recrystallized from
500 ml. of hot heptane to afford pure product (Table 4) as almost color-
less crystals in 100% yield (53.3g).

2-Amino-5-nitro-4-picoline (NP-56) and
2-Amino-3-nitro-4-picoline (NP-57)

in accord with the procedure as reported in the literature
(27), 2-amino-4-picoline (65.0g, 0.60 mole) was added portionwise to
concentrated sulfuric acid (570g) at 10-15*. The mixture was then cooled
to 7-8° , and concentrated nitric acid (64.5g) was slowly added dropwise.
After the addition was completed, the mixture was allowed to warm to room

temperature and the stirring was discontinued. After standing overnight.,
the mixture was stirred for one hour at room temperature and then slowly
warmed to 950 for two hours. The mixture was cooled and slowly poured onto
ca., 2000g of ice with efficient stirring. The mixture was then basified
with concentrated ammonium hydroxide (ca., 780 ml.), and the resultant sus-
pension was filtered to afford a mixture of the 3- and 5-nitro isomers in a
combined yield of 92% (84.0g). This crude product was then suspended in about
750 ml of water and steam distilled. The distillation was continued until
the initial bright yellow color of the distillate had faded to near color-
less. The non-volatile component (5-nitro isomer, NP-56) was isolated by
filtration as a tan solid in an overall yield of 44% (40.0g). The infrared
spectrum of this crude product was identical to that of the analytically pure
5-nitro isomer (Figure 10) which was obtained by recrystallization from meth-
anol. The analytically pure 3-nitro isomer (NP-57) separated from the
cooled distillates and was isolated as a yellow crystalline solid in an
overall yield of 13% (ll.5g). The analytical data for both of these precur-
sors are included in Table 2, and the infrared spectrum of NP-57 is reproduced
in Figure 11.

2-Hydroxy-5-nitro-4-picoline (NP-58)

As previously described in the literature (27),preformed 2-amino-
5-nitro-4-picoline (20.0g, 0.190 mole, NP-56) was dissolved in a mixture of
concentrated sulfuric acid (22.2 ml) and water (318 ml). After stirring for
a short period, a small amount (ca., 3g) of the unrearranged nitramine was
removed by filtration and discarded. The solution was then cooled to 7'
and a cooled solution of sodium nitrite (12.7g, 0.184 mole) in 38 ml of water
was added dropwise. The mixture was stirred for an additional hour at 5-10*
and was then filtered. The crude 2-hydroxy-5-nitro-4-picoline was thereby
isolated as a tan solid in 49% yield (14.0g, m.pt., 189-190"). The analy-
tically pure material was prepared by recrystallization from ethanol (charcoal).
The analytical data are included in Table 2 and its infrared spectr=. is
reproduced in Figure 12.
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2-Chloro-5-nitro-4-picoline (NP-59)

As reported in the literature (28), 2-hydroxy-5-nitro-4-picoline
(20.0g, 0.130 mole, NP-58), was slowly added as a solid into 160 ml. of
phosphorous oxychloride at room temperature. The slurry was then heated on
a steam bath for a total of 2.5 hours. The dark solution was cooled to room
temperature and the excess phosphorous oxychloride was removed by vacuum
distillation. The residue was then cautiously hydrolyzed by the dropwise
addition of ca., 100 ml. of water with efficient stirring. The mixture
was then extracted three times with ca., 100 ml. of ether. The combined
ether layers were dried over magnesium sulfate and the ether was removed
under a nitrogen stream. The residue was then subjected to a vacuum dis-
tillation to afford the analytically pure 2-chloro-5-nitro-4-picoline
(NP-59) as an amber oil in an overall yield of 70% (15.7g, b.pt., 114-1160/6 mm,
nD22 "5 1.5709). After standing overnight at room temperature, this pre-
cursor slowly crystallized to a low melting solid. The analytical data
for this precursor are included in Table 2.

2-Methoxy-5-nitro-4-picoline (NP-60)

Preformed 2-chloro-5-nitro-4-picoline (38.9g, 0.225 mole, NP-59)
was slowly added into a solution of sodium methoxide (48.8g of a 25% methano-
lic solution, one mole-eq.) in 800 ml. of methanol at room temperature.
The mixture was then refluxed for five hours before filtering hot. The
filtrate was then concentrated and cooled by means of a nitrogen purge. The
resultant slurry was filtered to afford the crude 2-methoxy-5-nitro-4-
picoline as an off white solid in an overall yield of 90% (36.2g, m.pt.,
79-80'). The crude material analyzed correctly for the title product (Table 2).

5-Amino-2-methoxy-4-picoline (NP-61)

As reported in the literature (29), preformed 2-methoxy-5-nitro-
4-picoline (25.5g, 0.152 mole, NP-60) was slowly added as a solid into a
refluxing mixture of iron powder (62.0g) and acetic acid (4.0 ml) in 190 ml.
of ethanol and 190 ml. of water. The slurry was refluxed an additional two
hours after the addition was completed. After cooling to room temperature,
sodium bicarbonate (84.0g) was added with stirring, and the mixt, was
refluxed an additional 2.5 hours before filtering hot. The filtrate was
combined with a hot ethanol extract of the filter cake, and the solution was
blown down to dryness under a nitrogen purge. The residue was extracted
three times with ca., 100 mi. of ether. The combined ether layers were
dried over potassium carbonate and the ether was removed under a nitrogen
purge. The crude product was thereby obtained as a white solid in an over-
all yield of 91% (19.0g, m.pt., 93-94O). The analytical sample was isolated
as a colorless solid by recrystallization by hot heptane and exhibited a
melting point which was identical to that of the crude amine. The analytical
data are included in Table 2, and its proton spectrum is reproduced in Figure 13.
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Diethyl 6-methoxy-4-methyl-3-
pyridylaminomentylenemalonate (NP-62)

Preformed 5-amino-2-methoxy-4-picoline (13.8g, 0. 10 mole, NP-61)
was slowly auded as a solid into one mole equivalent of diethyl ethoxy-
methylenemalonate (21.6g, 0.10 mole) with efficient stirring at room temperature.
The thick slurry was then slowly heated to 105-110* and maintained at that
temperature for a total of one hour. The ethanol which was produced in this
condensation was allowed to escape through a short air condenser. The heating
was discontinued, and the contents of the flask solidified near 600. Approxi-
mately 1 1. of heptane was added and the suspension was heated at reflux
until the crude product completely dissolved. The solution was filtered hot
and the pure product separated as a white solid upon cooling to room
temperature. The yield of this precursor was 92% (28.4g, m.pt., 92-94').
The analytical data are included in Table 4, and its proton spectrum is
reproduced in Figure 21.

8 -Hydroxy-4-methylquinoline (NP-63)

As described in the literature (19), o-aminophenol (l10.2g, 1.0
mole of 99% pure material) was added portionwise as a solid at room tempera-
ture into 400 ml. of con. hydrochloric acid in a 5 liter, 4-neck reaction
flask equipped with a condenser, thermometer, addition funnel, and mechani-
cal stirrer. The resulting blue suspension was slowly heated to 100,
and an excess of methyl vinyl ketone (142g, 2.0 mole of 98.5% pure material)
was slowly added dropwise over a period of 35 minutes. The color of the
reaction mixture changed from dark blue to green to golden brown as the
addition progressed. The solution was maintained at 100-120* for an addi-
tional six hours during which time a precipitate formed. After cooling to
room temperature, the mixture was steam distilled for approximately 1-2
hours, and the distillates were discarded. Aqueous sodium hydroxide (175 ml.
of a 50% solution) was slowly added, and the steam distillation was resumed.
The crude product was isolated from both the cooled distillates and exit
condenser as a pale tan crystalline solid. A low overall yield of crude
product (37.5g, 24%, m.pt., 140-1410) was thereby obtained even after a
prolonged steam distillation for several days. The analytically pure
8-hydroxy-4-methylquinoline was obtained as a colorless solid from hot
heptane (m.pt., 140-141). The analytical data are included in Table 1 and
its infrared spectrum is reproduced in Figure 6.

4-Methylquinolinic Acid (NP-64)

As described in the literature (20), preformed 4-methyl-8-
hydroxyquinoline (20.8g, 0.131 mole, NP-63) was slowly added as a solid into
100 ml. of fuming nitric acid at 10' with efficient stirring. The mixture
was then allowed to warm to room temperature and was stirred for three days.
The dark solution was then gridually warmed to 85' and maintained at that
temperature for three hours. A nitrogen stream was initiated, and the
reaction mixture was reduced to a volume of ab, at 50 ml. After cooling to
room temperature, 300 ml. of water was added, and a small amount (ca., 0.5g)
of insoluble yellow solid was removed by filtration and discarded. The
water was then removed from the filtrate on a rotary evaporator. The crude
product was isolated in several crops as a white solid in 70% yield (16.7g,
m.pt., 189-191). After drying at 1000 (0.10 mm) for one day, the second
crop constituted the analytical sample. The analytical data are included
in Table 1, and its infrared spectrum is reproduced in Figure 7.
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2-Hydroxy-3-nitro-4-picoline (NP-65)

Preformed 2-amino-3-nitro-4-picoline (32.5g, 0.212 mole, NP-57)
was dissolved in a mixture of water (517 ml.) and concentrated sulfuric
acid (36.1 ml.) at 80. A solution of sodium nitrite (20.7g, 0.30 mole) in
62 ml. of water was then added dropwise while maintaining the temperature
at less than 100. The suspension was stirred for an additional 1.5 hours
at 100 before filtering while still cold. The crude product was thereby
isolated as a yellow-tan solid in 92% yield (30.1g) after air drying. The
analytically pure precursor was obtained as a yellow solid after recrystalli-
zation from ethanol (charcoal). The analytical data are included in Table
2, and its infrared spectrum is reproduced in Figure 14.

2-Chloro-3-nitro-4-picoline (NP-66)

As reported by Roe and Seligman (28) preformed 2-hydroxy-3-nitro-4-
picoline (27.5g, 0.179 mole, NP-65) was slowly added as a solid into phos-
phorous oxychloride (ca., 150 ml.) at room temperature. The mixture was
heated to 850 for three hours and then cooled. The excess phosphorous oxy-
chloride was removed by means of a nitrogen purge, and the residue was
cautiously hydrolyed by the dropwise addition of about 100 ml. of water
with efficient stirring. The resultant tan slurry was extracted with ether
several times. The ether layers were combined, dried over magnesium sul-
fate and the solvent removed to afford a brown oil. This oil was repeatedly
triturated with boiling heptane. The combined heptane layers were cooled
and concentrated to afford a moderate yield of the title precursor as a
white solid in several crops. The analytical sample was recrystallized
from heptane, and the analytical data are included in Table 2.

4-Methylquinolinic anhydride (NP-67) and
4-Methylquinolinimide (NP-68)

Preformed 4-methylquinolinic acid (80.0 g, 0.441 mole, NP-64)
was quickly added into 120 ml of acetic anhydride at room temperature.
The suspension was slowly heated, and a vigorous, almost explosive,
exotherm was noted near 70'. After this initially vigorous reaction had
subsided, the heating was again continued. Acetic acid was slowly distilled
from the mixture over a period of about three hours until the internal
pot temperature had reached 160'. The resultant brown-black solution was
cooled to 1000 and 39 g of acetic anhydride was added. After cooling to
room temperature, a thick suspension of the crude anhydride separated from
solution. An aliquot of this suspension was filtered to afford the crude
anhydride as a brown solid. This solid was washed several times with
ether and then recrystallized from methylene chloride-carbon tetrachloride
(charcoal) to afford the analytically pure anhydride (Table 1) as an off
white crystalline solid. Acetamide (46.0 g), followed by acetic anhydride
(40.0 g) was then quickly added into the remainder of the original
reaccion mixture. This suspension was then maintained at 120-.125 ° for
a total of eighteen hours. After cooling to room temperature, a suspension
quickly formed which was filtered to afford the crude imide as a dark
tan solid in an overall yield of 46% (33.0 g). The analytically pure imide
was obtained as a white solid by recrystallization from acetic acid (Table 1).
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3-Amino-4-xnethylpicolinic acid (NP-69)

A solution of sodium hypobromite was freshly prepared by the
dropwise addition of bromine (10.9 ml) into a well stirred solution of
two normal aqueous sodium hydroxide (230 ml) maintained at 0-50 with the
aid of an external ice bath. The hypobromite solution was then added
dropwise into a solution of 4-methylquinolinimide (31.0 g, 0.191 mole,
NP-68) in 580 ml of .wo normal sodium hydroxide at 0-5'. The mixture
was then warmed to room temperature for one hour, and then heated to
800 for an additional hour to complete the rearrangement. The dark
brown solution was then cooled to room temperature, and was brought to
a pH of 5 with 50% sulfuric acid. A solution of cupric acetate (11.6 g)
and glacial acetic acid (11.6 ml) in 290 ml of hot water was then added
dropwise over a period of about one hour. The copper salt which immediately
separated from solution was then isolated by filtration as a tan solid
in an overall yield of 56% (19.5 g). The crude copper salt was suspended
in about one liter of water, and hydrogen sulfide was bubbled through
this suspension for a total of three hours. The copper sulfide was then
removed by filtration. The solvent was removed from the clear amber
filtrate, and the crude acid was thereby obtained in an overall yield
of 44% (12.7 g). The analytical sample was obtained as yellow needles
by recrystallization from methanol (Table 1).

4.4 Naphthyridine Intermediates (NI-42 through NI-72)

2-Chloro-4,6-dimethoxy-l,5-naphthyridine (NI-42)

Our previously characterized 2,4-dichloro-6-methoxy-l,5-
naphthyridine (2.50g, 10.9 mmole, NI-37) was added portionwise as a
solid over a period of twenty minutes into a solution of one mole-equivalent
of sodium methoxide (2.34g of a 25% methanol solution) in 100 ml. of
methanol at room temperature. The suspension was stirred overnight at
room temperature before refluxing for a total of 6.5 hours. The methanol
was then removed by means of a nitrogen purge to afford a white solid.
This solid was boiled with 200 ml. of heptane, treated with magnesium
sulfate, and was filtered hot. The colorless filtrate was cooled to -20'
and the resultant white precipitate (l.3g) was isolated by filtration.
This solid proved to be only about 90% pure by inspection of its proton
spectrum. Analytically pure product was isolated in 29% yield by
recrystallization from 100 ml. of hot heptane (0.7 g, m.p., 156.0-157.5°).
The analytical data are included in Table 6, and the proton spectrum is
reproduced in Figure 38.
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4-Chloro-6-(2,2,2-trifluoroethoxy)-,5-
naphthyridine-l-N-oxide (NI-43)

A solution of m-chloroperoxybenzoic acid (3.40g of 85% pure
material, 16.8 mmole) in 100 ml. of chloroform was slowly added dropwise
over a period of two hours into a solution of our previously characterized

4-chloro-6-(2,2,2-trifluoroethoxy)-l,5-naphthyridine (4.0g, 15.2 mmole,
NI-13) in 100 ml. of chloroform at room temperature. No exotherm or

color change was apparent during this addition. The mixture was stirred

for three days at room temperature at which point a yellow-amber solution
was observed. The chloroform solution was washed four times with aqueous
potassium carbonate (18g in 250 ml. of water), and the water phases were
discarded. Removal of solvent from the chloroform layer afforded crude
product as a white solid in a yield of 4.1g. Analytically pure product
was then obtained as colorless microcrystals in 50% yield (2.1g) by
recrystallization from chloroform (magnesium sulfate)-heptane. The
analytical data re included in Table 5, and the proton spectrum is
reproduced in Figure 24.

6-n-Butoxy-4-chloro-l,5-
naphthyridine-l-N-Oxide (NI-44)

A solution of m-chloroperoxybenzoic acid (1.72g of 85% pure
material) in 100 ml. of chloroform was added dropwise into a colorless
solution of our previously characterized 6-n-butoxy-4-chloro-l,5-naphthyridine
(2.0g, 8.47 mmole, NI-12) in 50 ml. of chloroform at room temperature.
After stirring for two days at room temperature, the medium yellow solution
was washed four times with aqueous potassium carbonate (40g in 250 ml. of
water). The water layer was discarded, and the chloroform phase was concen-
trated to about 25 ml. The addition of 250 ml. of heptane, followed by
cooling, led to the separation of crude product in 70% yield (l.5g) which
was isolated as a beige solid. The analytical sample (0.8g) was obtained
by a two-.fold recrystallization from chloroform-heptane. The analytical
data are included in Table 5, and the proton spectrum is reproduced in
Figure 25.

2,4-Dichloro-6-(2,2,2-trifluoroethoxy)-

1,5--naphthyridine (NI-45)

Preformed 4-chloro-6-(2,2,2-trifluoroethoxy)-1,5-naphthyridine-l-
N-oxide (2.80g, 10.1 mmole, NI-43) was slowly added as a solid into 70 ml.

of phosphorus oxychloride at 250. A slight exotherm to 320 was noted
durig this addition. The mixture was refluxed for a total of 4.5 hours.
The excess phosphorus oxychloride was then removed from the pale amber
reaction solution by means of a nitrogen purge. The resultant gum was
cautiously hydrolyzed by the addition of 150g. of ice with efficient

stirring. The white suspension was brought to a pH of 9-10 with concen-
trated ammonium hydroxide. Crude product was then isolated in nearly
quantitative yield (2.8g) as a white solid. Analytically pure product
was isolated in 61% yield (l.8g) as a fluffy white solid by recrystalliza-

tion from heptane (charcoal, magnesium sulfate) at -20*. The analytical
data are included in Table 5, and the proton spectrum is reproduced in

Figure 27.
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2-Chloro-4-methoxy-6-(2,2,2-
~rifluoroethoxy) -4, 5-naphthyridine (NI-46)

Preformed 2,4-dichloro-6-(2,2,2-trifluoroethoxy)-i,5-naphthyridine
(10.0g, 33.7 mmole, NI-45) was added all at once into a solution of sodium
methoxide (7.28g of a 25% methanolic solution, one mole-equivalent) in
300 ml. of methanol at room temperature. The clear solution was refluxed
for eight hours after stirring at room temperature for one hour. Solvent
was then removed by means of a nitrogen purge to afford a white solid.
This solid was heated with 400 ml. of heptane, and the inorganic salt
was removed by filtration of the hot heptane suspension. The heptane
filtrate was then heated to boiling, treated with magnesium sulfate and
charcoal, and filtered hot. The clear, colorless filtrate was cooled to
-20*, and analytically pure product was isolated by filtration as colorless
needles in 48% yield (4.7g, m.p., 113-1150). The analytical data are
included in Table 6, and the proton spectrum is reproduced in Figure 33.

6-Ben zyloxy-3-carboxy-4-hydroxy-l, 5-
naphthyridine hemi-hydrate (NI-47)

Previously characterized 6-benzyloxy-3-carbethoxy-4-hydroxy-l,5-
naphthyridine (57.0g, 0.176 mole, NI-41) was quickly added into 1.12k of
one normal sodium hydroxide solution at room temperature. The suspension
was then refluxed for a total of three hours. A small amount of insoluble
material (3.0g) was removed by filtration, and the filtrate was brought
to a congo red end point with concentrated hydrochloric acid. A thick
suspension formed which was diluted with additional water before filtration.
The crude acid was then isolated as an off-white solid in quantitative
yield by filtration. An analytical sample (5.8g) was prepared by
reprecipitation of the crude acid (6.3g) from 150 ml. of warm, one-normal
sodium hydroxide with concentrated hydrochloric acid (congo red end-point).
The acid was collected by filtration, washed well with water and dried at
1100 (0.10 mm) for two days. The product consistantly analyzed as a hemi-
hydrate (Table 8). The infrared spectrum (Figure 47) was consistant with
the formulated structure.

4--Phenoxy-6-(2,2,2-trifluoroethoxy)-
1,5-naphthyridine (NI-48)

A mixture of 4-chloro-6-(2,2,2-trifluoroethoxy)-l,5-naphthyridine
(18.0g, 68.5 mmole, NI-13), phenol (30.0g) and potassium hydrexide (4.4g)
was heated to 1600 for three hours with efficient stirring. The resultant
orange, pasty liquid was poured into 500 ml. of two-normal sodium hydroxide.
A gelatinous emulsion formed which was extracted three times with 150 ml.
of ether. The combined ether layers were washed three times with dilute
sodium hydroxide solution and finally with water. Removal of the ether
afforded the crude phenoxy derivative as an oil. An analytical sample
(Table 8) was prepared by recrystallization from ether-heptane and was
isolated as a white solid. This phenoxy derivative was also the major
product obtained after reaction with gaseous ammonia in an ammonium acetate
flux at 1350 for three hours.
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4-Amino-6- (2,2,2-trif luoroethoxy)-
l,5-naphthyridine (NI-49)t

Crude 4-phenoxy-6- (2,2,2-trif luoroe thoxy) -1,5-naphthyrid ine
(NI-48) was prepared as described above starting from 18.Og of 4-chloro-
6-(2,2,2-trifluoroethoxy)-1,5-naphthyridine (NI-13). The crude phenoxy
oil thus obtained (NI-48) was mixed with 100g of ammonium acetate and
slowly warmed to 1350. Ammonia was bubbled through the mixture for a
total of three hours. After cooling to room temperature, water (300 ml.)
and glacial acetic acid (20 ml.) were added. The mixture was allowed to
stand at room temperature overnight. A small amount of an oily, insoluble
solid was precipitated which was removed by filtration. The filtrate was
then made basic with about 30 ml. of ammonium hydroxide. A white suspension
formed, which after filtration, afforded the crude 4-amino derivative in
17% yield (2.8g). The analytical sample was recrystallized from ether-
heptane and was obtained as a white solid after drying under reduced
pressure at 25' . The analytical data are included in Table 8, and the
infrared spectrum is reproduced in (Figure 48).

2,4-Dihydroxy-6-methyl-l,5-
naphthyridine (NI-50)

Previously characterized ethyl 3-amino-6-methylpicolinate (9.0g,
49.9 mmole, NP-48) was added portionwise over a period of about denty
minutes into 100 ml. of diethyl malonate at 1950. After the addition was
completed, the mixture was kept an additional thirty minutes at 195' to
ensure the completion of the reaction. The mixture was then cooled to
room temperature and the excess diethyl malonate was removed by distilla-
tion under reduced pressure. Ether (450 ml.) was then added to the resid-
ual dark, red-brown semi-solid and the mixture was stirred until almost
all of the residue had dissolved. After removing a small amount of ether
insoluble material by filtration (ca., 0.05g), the ether layer was
returned to a 4-neck reaction flask. A solution of sodium ethoxide
(4.32g, 6.35 mmole) in 50 ml. of absolute ethanol was then added drop-
wise into the ether layer with efficient stirring. A yellow-tan suspen-
sion immediately formed which was stirred at room temperature overnight.
The suspension was then refluxed for six hours and filtered to afford an
off-white solid. This solid was placeu in a 500 ml. reaction flask, and
water (20 ml.), followed by aqueous sodium hydroxide solution (35 ml. of
a 50% solution), was slowly added with efficient stirring. The thick
suspension was slowly warmed to 105-110' to effect the decarboxylation.
After remaining at 105-1100 for thirty minutes, 250 ml. of hot water was
added and the thin suspension was kept at 900 for one hour. The mixture
was then filtered while hot to remove the insoluble component. The clear
amber filtrate was then brought to a pH of 5 with glacial acetic acid.
The white suspension which formed was cooled to 150 before filtration to
afford crude product as an off-white solid in 59% yield (5.2g). An
analytical sample was prepared by recrystallization from hot water. The
analytical data are included in Table 3, and the infrared spectrum is
reproduced in Figure 15.
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2,4-Dichloro-6-methyl-
1,5-naphthyridine (NI-51)

Our previously characterized 2,4-dihydroxy-6-methyl-l,5-
naphthyridine (4.0g, 22.7 mmole, NI-50) was slowly added into phosphorus
oxychloride (100 ml.) at 250. A slight exotherm to 320 was noted with
this addition. The suspension was then slowly brought to reflux and main-
tained at that temperature for four hours. The mixture was then cooled to
room temperature and the excess phosphorus oxychloride removed under a
nitrogen purge. The resultant red-brown gum was cautiously hydrolyzed by
the dropwise addition of 125 ml. of water at 25-40. Ammonium hydroxide
was then added until a pH of 9 was attained. The suspension was then fil-
tered to afford crude product as a rose colored solid (4.1g). The pure
dichloro compound was obtained as a white solid in 60% yield (2.95g, m.p.,
134-1360) by sublimation at 100-110' (0.04 mm). The analytical data are
included in Table 3, and its proton spectrum is reproduced in Figure 16.

4-Chloro-2-methoxy-6-methyl-l,5-naphthyridine (NI-52)
and 2-Chloro-4-methoxy-6-me thyl-l,5-naphthyridine (NI-53)

Analytically pure 2,4-dichloro-6-methyl-l,5-naphthyridine (2.13g,
10.0 mmole, NI-5I) was slowly added as a solid into a solution of sodium
methoxide (2.16g of a 25% solution in methanol, 1.0 mole - eq.) in 50 ml.
of methanol at room temperature. The suspension was then immediately
brought ti reflux and maintained at that temperature for a total of 2.5
hours. The solvent was then removed under a nitrogen purge to afford a
white solid. This solid was extracted with 100 ml. of boiling heptane.
The inorganic salt was then removed by filtration (0.55g). After standing
at room temperature tor several hours, a crystalline solid separated from
the heptane filtrate. This solid was isolated by filtration and proved
to be 2-chloro-4-methoxy-6-methyl-l,5-naphthyridine (NI-53) which was
isolated in 32% yield (0.67g, m.pt. 144.5-145.0*). Three successive
crops of product were then obtained by partial removal of the heptane
and cooling to about 5-10'. The second crop (0.24g) proved to be a mix-
ture of both of the title products. The third and fourth crops (0.75
and 0.15g, 48%) proved to be the retroisomer (NI-52) which was isolated
as a white solid. The third crop constituted the analytical sample of
NI-52. The analytical data for both of these products are included in
Table 6 and their proton spectra are reproduced in Figures 34 and 35,
respectively.

3-Carbethoxy-4-hydroxy-6-methyl-
1,5-naphthyridine (NI-54)

Diethyl 6-methyl-3-pyridylaminomethylenemalonate (15.0g, 53.8
mmole, NP-55) was slowly added as a solid into refluxing diphenyl ether
(250*) over a period of ten minutes. The mixture was maintained at reflux
for an additional twenty minutes before cooling. Heptane was then added
(200 ml.) and the slurry was stirred at room temperature for two hours
before filtering. The crude product was thereby isolated as a grey solid
in 42% yield (5.3g). This solid was repeatedly triturated with boiling
ethanol to afford the analytically pure material (3.7g). The analytical
data are included in Table 4, and its infrared spectrum is reprduced in
Figure 17.
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3-Carboxy-4-hydroxy-6-methyl-
1,5-naphthyridine (NI-55)

The preformed ester, 3-carbethoxy-4-hydroxy-6-methyl-l,5-
naphthyridine (26.0g, 0.112 mole, NI-54), was added all at once into 500
ml. of IN sodium hydroxide. The suspension was maintained at 85-9C0 for
two hours at which point a clear, brown solution was present. The mix-
ture was treated with charcoal and filtered while hot. The brown filtrate
was then brought to a congo red end point with concentrated hydrochloric
acid. The suspension was filtered to afford the crude acid as a tan solid
in 65% yield (15.0g). Analytically pure product was obtained by dissolving
the crude acid in 300 ml. of 1N sodium hydroxide, treatment with charcoal,
and reprecipitation to a congo red end point with concentrated hydrochloric
acid. After drying at 1100 (0.10 mm), the overall yield of NI-55 was 57%
(ll.7g). The analytical data are included in Table 4, and the infrared
spectrum is reproduced in Figure 18.

4-Hydroxy-6-methyl-l,5-

naphthyridine (NI-56)

Our previously characterized 3-carboxy-4-hydroxy-6-methyl-l,5-
naphthyridine (ll.7g, 57.2 mmole, NI-55) was added portionwise to 200 ml.
of nujol at 295-300'. The appearance of a white sublimate was noted dur-
ing this addition. Heating was continued fo- an additional fifteen minutes

before cooling the mixture. An equal volume of heptane was then added
with stirring. The crude product was then isolated as a tan solid in
93% yield (8.5g) by filtration. The analytical sample was obtained by
recrystallization from methanol at -700. The analytical data are in-
zluded in Table 4, and the infrared spectrum is reproduced in Figure 19.

4-Chloro-6-methyl-l,5-naphthyridine (NI-57)

Crude 4-hydroxy-6-methyl-l,5-naphthyridine (7.0g, 43.4 mmole,
NI-56) was slowly added into 100 ml. of phosphorus oxychloride at 250.
A moderate exotherm to 320 was noted during this addition. The suspension
was then slowly warmed to reflux and maintained at that temperature for a
total of four hours. The resultant deep, blue-black suspension was cooled
to room temperature and the excess phosphorus oxychloride was removed under
a strong nitrogen purge. The residual, blue-black gum was cautiously
hydrolyzed at 25-40 ° by the dropwise addition of 100 ml. of water with
mechanical stirring. The dark mixture was then brought to pH 8-9 with
concen, ated ammonium hydroxide. At this point, the reaction mixture con-
sisted of a blue-black solution with a fair amount of blue-black tar
adhering to the walls. The aqueous phase was separated and extracted twice
with 400 ml. of ether. The adherent tar was also repeatedly triturated
with warm ether. All of the ether phases were then combined, treated with
magnesium sulfate and charcoal, and the solvent removed to afford crude
product as an off-white solid in 63% yield (4.9g). An analytical sample
(3.0g) was isolated as a white, crystailine solid by sublimation of 3.7g
of the crude product at 750 (0.02 mm). It was noted that this chloro
derivative gradually darkened to a grey solid upon storage. The analytical
data are included in Table 4, and the proton spectrum is reproduced in
Figure 20.
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2-Chloro-4-methoxy-l,5-naphthyridine (NI-58)

Our previously characterized 2,4-dichloro-l,5-naphthyridine (1.99g,
10.0 mmole, NI-15) was added all at once into a solution of sodium methoxide
(2.16g of a 25% solution in methanol, 1.0 mole-eq.) in 50 ml. of methanol
at room temperature. The mixture was quickly brought to reflux and main-
tained at that temperature for a total of two hours. The solvent was then
removed under a nitrogen stLeau, and the resultant white solid extracted

with 75 ml. of boiling heptane. Magnesium sulfate was then added, and the
mixture was filtered while hot. The solvent was then removed from the
heptane solution, and the crude white solid was dried at 50* (0.10 mm) for
eighteen hours. This solid analyzed correctly for the empirical formula
C H ClN 20:

Theory: C, 55.54; H, 3.63; N, 14.40.
Found: C, 55.46; H, 3.60; N, 14.30.

The overall yield of the crude product was 97% (l.90g). How-
ever, a prominent band was present near 11.1p in the infrared spectrum.
Also, the proton spectrum for this solid (Figure 29' revealed the pres-
ence of two discrete isomers. The title isomer, NI.-58, was obtained as
the first crop in low yield by recrystallization from warm heptane at
room temperature. The proton spectrum for this anelytically pure deriva-
tive (Table 6) is reproduced in Figure 30. The proton spectrum for its
previously characterized retroisomer, NI-16, is reproduced in Figure 31.
and clearly discloses that NI-16 is the second component present in the
reaction mixture.

2-Chloro-4-methoxy-6-(2,2,2-trifluoroethoxy)-l-5,
naphthyridine (NI-46) and 4-Chloro-2-methoxy-6-
(2,2,2-trifluoroethoxy)-l,5-naphthyridine (NI-59)

Recrystallized 2,4-dichloro-6-(2,2,2-trifluoroethoxy)-l,5-
naphthyridine (30.0g, 0.101 mole, NI-45) was added all at once into a
solution of sodium methoxide (21.8g of a 25% methanolic solution, one
mole-eq.) in 300 ml. of methanol at room temperature. The clear solution

was refluxed for eight hours after stirring at room temperature for one
hour. Solvent was then removed by means of a nitrogen purge to afford a
white solid. This solid was triturated with one liter of boiling heptane,

treated with charcoal and magnesium sulfate and filtered hot. The heptane
filtrate was allowed to stand at room temperature overnight. A white
crystalline solid separated which was isolated in a yield of 11.8g. A
second crop was isolated as a white solid in a yield of 7.2g after cooling
the heptane filtrate to -20 overnight. Removal of solvent from the fil-

trate afforded the third crop (9.6g) as an off-white solid. The combined
yields of all three crops were 28.6g (97%). The first crop was determined
to be 2-chloro-4-methoxy-6-(2,2,2-trifluoroethoxy)-l,5-naphthyridine (NI-46)
by examination of its proton spectrum (Figure 33). An analytical sample
of NI-46 (m.p., 113-115*) was obtained by recrystallization from heptane
and exhibited a proton spectrum identical to the crude first crop. The
second crop was judged to be a 90:10 miwture of NI-46 and its retroisomer,
4-chloro-2-methoxy-6-(2,2,2-trifluoroethoxy)-l,5-naphthyridine (NI-59) by
examination of its infrared spectrum. An analytical sample of the retro-

-- _ __ --



-102-

isomer, NI-59, was obtained by recrystallization of the third crop (9.6g,
70% retroisomer:30% NI-46 by its proton spectrum) first from 100 ml. of

heptane at 0* (4.4g, 90% retroisomer by NMR) followed by a second re-
crystallization from 150 ml. of heptane at 0' (2.2g). The proton spectrum
for this pure retroisomer (NI-59) is reproduced in Figure 34, and the
analytical data are included in Table 6.

2-Amino-4-chloro-l,5-naphthyridine (NI-60)

Our preformed 2,4-dichloro-l,5-naphthyridine (4.0g, 20.1 mmole,
NI-15) was placed in a rocker, pressure bomb with 100 ml. of ammonia satu-
rated ethanol. The temperature was raised to 1500 (pressure 275-340 psig)
and the mixture was agitated overnight. The reaction mixture was then

transferred to an Ehrlenmeyer flask and the solvent was removed by means
of a nitrogen stream. The residual yellowish solid was repeatedly washed
with water and then dried under reduced pressure. The yield of crude
product was 83% (3.0g). Analytically pure product was then obtained as
a white powder by sublimation at 130-145o (0.05 mm). The analytical data
are included in Table 8, and its infrared spectrum is reproduced in
Figure 49.

2,4-Diphenoxy-l,5-naphthyridine (NI-61)

As reported in the literature (30), a mixture of 2,4-dichloro-
1,5-naphthyridine (2.0g, 10.0 mmole, NI-15) and an excess of phenol (60.0g)
was refluxed for six hours at 1850. The mixture was then treated with the
theoretical quantity of sodium hydroxide (256g.of a 10% solution) and
stirred for about an hour. A crystalline solid formed which was filtered
and air dried overnight. The yield of crude product was 95% (3.0g). An
analytical sample was prepared by recrystallization from hot heptane and
vacuum drying at 500. The analytical data are included in Table 8, and
the infrared spectrum is reproduced in Figure 50.

4-Chloro-l-methyl-l,2-dihydro-l,5-
naphthyridine-2-one (NI-62)

Preformed 4-chloro-2-hydroxy-l,5-naphthyridine (2.02g, 12.2
mmole, NI-17) was added all at once into a mixture of water (25 ml.) and
dioxane (20 ml.) at room temperature. A solution of one mole-equivalent
of sodium hydroxide (0.98g of a 50% aqueous solution) in 5 ml. of water
was then added dropwise. The suspension gradually cleared to form a medium
amber solution at the end of the addition. Dimethyl sulfate (0.768g, 6.1
mmole) das then added over a period of ten minutes and the mixture was
stirred at room temperature overnight. The solvent was then removed to
afford a yellowish, gummy solid. This solid was repeatedly extracted with
80 ml. of heptane (five times) and finally with 300 ml. of heptane. Crude
product was then isolated as a white solid in 55% yield (l.3g) by removal
of the heptane under a nitrogen purge. Analytically pure product (0.8g,
Table 8) was obtained as a white crystalline solid by recrystallization
from heptane. The infrared and proton spectra are reproduced in Figures
51 and 52, respectively.
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2-4-Di-(5-isopropylaminopentylamino)-6-
methyl-1,5-naphthyridine (NI-63)

A mixture of our previously characterized 4-chloro-2-methoxy-

6-methyl-l,5-naphthyridine (3.40g, 16.3 mmole,NI-52), 5-ifopropylamino-

pentylamine (10.0g, 69.5 mole, 41), and a catalytic quanti'v of copper-bronze
(0.5g) was slowly brought to 170-180° and maintained at .at temperature for

a total of twenty-four hours. After cooling to room ter- erature, the brown
semi-solid was thoroughly mixed with 50 ml. of 5 N sodium hydroxide. The
upper oily phase was then extracted into 75 ml. of ether. A second ether
extract of the water phase led to a cloudy ether extract. This second

ether extract was filtered to afford a white solid (ca., 0.3g) which has

not as yet been characterized. Both ether phases were combined, dried over
magnesium sulfate, and the solvent removed to afford an amber, oily suspen-
sion. This suspension was taken up in 100 ml. of heptane and cooled to -20'
".=rnight. The resultant suspension was filtered to afford a second crop
of the insoluble component (ca., 0.5g). The heptane was then removed from
the filtrate to afford an amber oil which was subjected to a molecular dis-

tillation. After the removal of excess diamine, very little distillate
was collected until the temperature rose to 160*. A small amount of dis-

tillate (0.3g, yellow liquid) was collected at 150-160'/0.02 mm. A proton 4
spectrum of this liquid revealed it to be a 50:50 mixture of the ti~le pro-

duct and the expected mono-4-amino product. After a small intermediate cut,

the title product was then isolated as an amber oil in 31% yield (170-180*/
0.02 mm). After several days, this oil slowly formed a solid which melted
at 43-45% The analytical data are included in Table 7, and its proton
spectrum is reproduced in Figure 41.

2,4-Di-(4-diethylamino-l-methylbutylamino)-6-

methyl-l,5-naphthyridine (NI-64)

A mixture of our previously characterized 2-chloro-4-metboxy-

6-methyl-l,5-naphthyridine (2.0g, 9.60 mmole, NI-53), 2-amino-5-diethyl-

aminopentane (15.0g, 94.5 mmole), and a catalytic quantity of copper-bronze

was slowly raised to 165-1700 and maintained at that temperature for a

total of eighteen hours. After cooling to room temperature, 50 ml. of

5 N sodium hydroxide was added and the two phase system was thoroughly mixed.

The upper oily phase was extracted with ether (75 ml., three times). The

ether layers were combined, dried over magnesium sulfate and the solvent

removed under a nitrogen purge. The residual brown liquid was then subjected

to a molecular distillation. After the removal of excess diamine, very

little distillate was collected until the temperature rose to 1700. The

title product was then isolated as a yellow-amber oil in an overall yield of

66% (2.9g, 170-175'/0.02 mm). The analytical data are included in Table 7,

and its proton spectrum is reproduced in Figure 45.

2, 4-Di-(4-diethylamino-l-methylbutylamino)-6-
methyl-l,5-naphthyridine tri-6 -resorcylate (NI-65)

A solution of 2,4-dihydroxybenzoic acid (3.56g, 22.4 mmole, 6.0
mole-eq. of 97% pure material) in 100 ml. of ether was added dropwise into

a solution of 2,4-di-(4-diethylamino-l-methylbutylamino)-6-methyl-l,5-
naphthyridine (l.7g, 3.72 mmole, NI-64) in 200 ml. of ether at room tempera-

rure. A white suspension formed immediately which was stirred for two

hours before filtering a nearly quantitative yield of product (3.30g). The

product was repeatedly washed with ether and was dried at 250 under high

vacuum. The analytical data are included in Table 7, and its infrared

spectrum is reproduced in Figure 46.
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4-Chloro-6-methyl-l,5-naphthyridine-l-
N-oxide (NI-66)

A solution of m-chloroperoxyl'enzoic acid (3.25g, 16.0 mmole, 1.1
mole-eq. of 85% pure material) in 100 m.'.. of chloroform was slowly added

dropwise into a solution of 4-chloro-6-me~iyl-l,5-naphthyridine (2.60 g,
14.6 mmole, NI-57) in 100 ml. of chloroform at room temperature. The clear
yellow solution was stirred at room temperature for five days before trans-
ferring to a seperatory funnel and washing three times with aqueous potas-
sium carbonate (20 g in 300 ml. of water). The clear yellow chloroform
solution was dried over magnesium sulfate and the solvent removed to afford
a pale yellow-tan solid. The proton spectrum for this crude product which
was isolated in 85% yield (2.40g) was identical to that of the analytically
pure material isolated by recrystallization from chloroform-heptane. The
analytical data are included in Table 5, and its proton spectrum is repro-
duced in Figure 23.

3-Carbethoxy-4-hydroxy-6-methoxy-8-

methyl-l,5-naphthyridine (NI-67)

Diethyl 6-methoxy-4-methyl-3-pyridylaminomethylenemalonate (10.0g,
32.4 mmole, NP-62) was slowly added as a solid into refluxing diphenyl ether
(100 ml, 250'). The solution was maintained at reflux for an additional two

hours before cooling to room temperature. Heptane (200 ml.) was then added
and the mixture was allowed to stir overnight before filtering. The resul-
tant waxy solid was slurried with fresh heptane (300 ml) at room temperature
and filtered to afford the crude ester as an off white solid in 40% yield
(3.4g). The analytically pure ester was obtained as a white solid after
recrystallization from hot ethanol. The analytical data are included in
Table 4, and its infrared spectrum is reproduced in Figure 22.

2,4-Dichloro-6-n-butoxy-l,5-
naphthyridine (NI-68)

Previously characterized 6-n-butoxy-4-chloro-l,5-naphthridine-l-
N-oxide (10.0g, 39.6 mmole, NI-44) was slowly added as a solid into phos-
phorous oxychloxide (150 ml.) at room temperature. A slight exotherm to
370 was noted during this addition. The mixture was then slowly heated to
reflux and maintained at that texperature for a total of six hours. After
cooling to room temperature, the excess phosphorous oxychloxide was removed
via vacuum distillation. The residue was then cautiously hydrolyzed by the
dropwise addition of water (40 ml.) with efficient stirring. The resultant
slurry was brought to a pH of 9-10 with concentrated ammonium hydroxide.
Additional water (ca., 50 ml.) was added and the suspension was filtered to
afford the crude pioduct as a white solid in 98% yield (10.5g). The ana-
lytically pure product was obtained as a white solid by recrystallization
from heptane and vacuum sublimation at 900 (0.02 mm). The analytical data
are included in Table 5, and its proton spectrum is reproduced in Figure 28.
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6-n-Butoxy-2-chloro-4-methoxy-l,5-
naphthyridine (NI-69)

Preformed 6-n-butoxy-2,4-dichloro-l,5-naphthyridine (15.0g, 55.3
mmole, NI-68) was added into a solution of sodium methoxide (ll.9g of a
25% methanolic solution, one mole-eq.) in 300 ml. of methanol at 25'. The
white suspension was slowly heated to reflux and maintained at that tempera-
ture for five hours. The solvent was then removed to afford an off white
solid. The solid was triturated with 400 mi. of boiling heptane and filtered
while hot to separate the insoluble sodium chloride (2.6g, 80%). The fil-trate was then heated to boiling, treated with magnesium sulfate, filtered,

and allowed to stand at room temperature for two days. The analytically
pure title compound separated from solution and was isolated as colorless
needles (0.90g, m.pt. 103-105). An additional crop of this material was
isolated after cooling the heptane filtrate to 0* for four hours (3.90g).
The overall "ield of the pure 6-n-butoxy-2-chloro-4-methoxy-l,5-naphthyridine
as isolated via this procedure was 32% (4.80g). We have also now determined
that the material balance of this reaction consisted mostly of the retro-
isomer, 4-chloro-2-methoxy-6-n-butoxy-l,5-naphthyridine, contaminated with
a small amount of unreacted starting material. The analytical data for NI-69 V
are included in Table 6, and its proton spectrum is reproduced in Figure 37.
In addition, the proton spectrum for the impure retroisomer (from the concen-
trated filtrates) is reproduced in Figure 36.

2-Methoxy-4-(4-diethylamino-l-methylbutylamino)-
1,5-naphthyridine (VI-70)

With only minor changes in the work-up procedure, the title pro-
duct was prepared as reported by McCaustland and Cheng (Z). Accordingly,
a mixture of our previously characterized 4-chloro-2-methoxy-l,5-naphthyridine
(3.0g, 15.0 mmole, NI-16), potassium carbonate (2 .1g, 15.0mmole), and
25 ml. of 2-amino-5-diethylaminopentane was heated to 140 ° for eighteen hours.
Very linale color change had occurred after this treatment, and the yellow
suspe'ision was cooled at room temperature. At this point, 50 ml. of 5 N
sodium hydroxide was added with stirring and the two phase system was extracted
twice with 75 ml. of ether. The ether phase was dried over magnesium sul-
fate and both the ether and excess diamine was removed under a strong nitrogen
purge for two days. The residual yellow-amber gum was then subjected to
molecular distillation. A small amount (ca., 0.5g) of unreacted NI-16
sublimed onto the cold finger at 80-1200 (0.06 mm). The title product was
then quickly collected in 74% yield (3.5g, 135-150°/0.06 mm) as a pale
yellow, almost colorless oil. The analytical data are included in Table 8,
and its proton spectrum is reproduced in Figure 53.
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4, 6-Dichloro-l, 5-naphthyridine-
1-N-oxide (NI-71)

A solution of m-chloroperoxybenzoic acid (3.05 g, 15.0 mmole,
1,5 mole-eq. of 85% pure material) in 150 ml. of chloroforn was added
dropwise at 25' into a colorless solution of our previously characterized
4, 6-dichloro-l,5-naphthyridine (2.0 g, 10.0 mmole, NI-23) in 100 ml. of
chloroform. After stirring at 25' for three days, the yellow chlorofcm
solution was transferred to a separatory funnel and washed four times

with aqueous potassium carbonate (25 g in 300 ml. of water). The aqueous
phase was discarded, and the solvent removed via a nitrogen stream to afford
the crude product as a yellow solid. This solid was heated to boiling
with 300 ml. of heptane and chlorofor, was added (ca., 80 ml.) until a
clear yellow solution was obtained. This solution was treated with magnesium
sulfate and filtered. A yellow precipitate separated from the filtrate
after cooling to room temperature. After filtration, the title product
was isolated as a yellow solid in 74% yield (1.60 g, m. pt. 203-2050).
The analytical data are included in Table 5 and its proton spectrum is
reproduced in Figure 26.

6-n-Butoxy-4-chloro-2-methoxy-l,5-
naphthyridine (NI-72)

Preformed 6-n-butoxy-2,4-dichloro-l,5-naphthyridine (20.0 g, 73.7 mmole,
NI-68) was quickly added into a solution of one mole-equivalent of sodium
methoxide (15.8 g of a 25% solution in methanol) in 400 ml. of methanol
at 250. This suspension was then heated to reflux for a total of twenty-four
hours. Solvent was then removed from the resultant pale amber solution
to afford a white solid. This solid was extracted with 500 ml. of boiling
hertane and filtered while hot to afford a quantitative yield of sodium
chloride (4.4 g). The colorless filtrate was concentrated to almost four-
fifths of its original volume, and was kept at 0' for five hours. The
resultant suspension was filtered to afford a white solid. This solid
proved to be our previously characterized 6-n-butoxy-2-chloro-4-methoxy-l,5-
naphthyridine (8.4 g, 43%, NI-69). The filtrate was then concentrated
to 100 ml., cooled to 0' overnight and filtered to afford an additional
crop of NI-69.. Solvent was then removed from the filtrate, and the
resultant semi-solid was triturated with ten ml. of heptane. After filtering
a small quantity of white solid, solvent was removed from the heptane
filtrate to afford a colorless oil (5.2). This oil was subjected to
molecular distillation, and the title product was obtained as a low melting,
colorless oil in 20% yield (4.0 g, 105-1100/0.02 mm). A proton spectrum
of this oil (Figure 36) revealed the presence of trace amounts of both
the retroisomer (NI-69), and unreacted starting material (NI-68). This
oil did, however, analyze correctly for the structure as formulated
(Table 6).
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4.5 Naphthyridine Targets (NT-20 through NT-23)

4,6-Dimethoxy-2- (4-diethylamino-l-
methylbutylamino)-i, 5-naphthvridine
di- -resorcylate hemi-hydrate (NT-20)

A mixture of 2-chloro-4,6-dimethoxy-1,5-naphthyridine (3.0g,
13.3 mmole, NI-42), 2-amino-5-diethylaminopentane (20.0g, 126 nmole),
and one mole-equivalent of potassium carbonate (1.84g) was heated at
1700 for eighteen hours. After cooling to room temperature, a brown
liquid phase was observed along with a considerable quantity of tan solid
which adhered to the walls of the flask. A five normal, aqueous solution

of sodium hydroxide (50 mi.) was then added with efficient stirring.
After transferring to a separatory funnel, the two phase system was
extracted three times with 100 ml. of ether. This extraction was compli-

cated by the presence of a floculant solid (starting material by I.R.)
near the ether-water interface. The combined ether layers were then
dried over magnesium sulfate and the solvent was removed under a nitrogen
purge to afford a dark brown liquid. This liquid was subjected to molecu-
lar distillation. Excess diamine was first removed over the range of

35-100' (0.08 mm.). A yellowish semi-solid (ca., 0.5g) then quickly
sublimed onto the cold finger at 110-120* (0.08 mm). This solid had an
infrared spectrum identical to the 2-chloro-4,6-dimethoxy-l,5-naphthyridine

starting material. A yellowish oil was then collected over the range of
145-165* (0.08 mm). A sample of this free base (l.40g, 30% yield) quickly
darkened upon exposure to air. The di- -resorcylate was therefore

immediately prepared by the dropwise addition of P-resorcylic acid (1.34g,

8.44 mmole of 97% purity, 2.5 mole-eq.) in 50 ml. of ether into the pale
amber solution of the free base (l.17g, 3.38 mmole) in 200 ml. of ether at
room temperature. An off-white suspension formed immediately which was

stirred at room temperature for an additional two hours. Filtration under
a nitrogen atmosphere afforded the title product as an off-white solid in

68% yield (l.50g). This salt proved to be hygroscopic. The analytical
data are included in Table 7, and its infrared spectrum is reproduced in

Figure 42.

4-Methoxy-6- (2,2,2-trif luoroethoxy) -2-

(4-diethylamino-l-methylbutylamino) -1,5-

naphthyridine di- -resorcylate (NT-21)

Analytically pure 2-chloro-4-methoxy-6- (2,2,2-trifluoroethoxy)-

1,5-naphthyridine (3.0g, 10.3 mmole, NI-46), 2-amino-5-diethylaminopentane

(20.0g), and a catalytic quantity of copper-bronze (0.5g) were mixed at

room temperature and then slowly warmed to 1700. After eighteen hours,

the dark brown reaction mixture was cooled to room temperature before

adding 50 ml. of 5N sodium hydroxide with vigorous stirring. The mixture

was extracted several times with ether until the ether extracts were

colorless. The ether extracts were combined, dried over magnesium sulfate,
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and the solvent removed to afford a viscous brown oil. This oil was then
subjected to molecular distillation. After the removal of excess diamine
and several forecuts (25-165'/0.04 mm), the free base distilled as a light
amber oil and was isolated in low yield (0.8g, 19%, 165-180°/0.04 mm).
The free base (0.75g, 1.81 mmole) was dissolved in 75 ml. of ether and a
solution of 2,4-dihydroxybenzoic acid (0.72g of 97% purity, 4.54 mole)
in 25 ml. of ether was added dropwise at room temperature. A suspension
formed immediately which was stirred for two hours before filtration under
a nitrogen atmosphere. The resultant off-white powder was then dried at
700 (0.10 mm) to afford analytically pure product in 58% yield (0.80g).
The analytical data are included in Table 7, and the infrared spectrum is
reproduced in Figure 43.

2-Methoxy-6-methyl-4-(4-diethylamino-l- V
methylbutylamino)-l,5-naphthyridine (Free Base)

Our previously characterized 4-chloro-2-methoxy-6-methyl-l,5-
naphthyridine (2.00g, 9.56 mmole, NI-52) was slowly added to an excess of
2-amino-5-diethylaminopentane (20.0g) at room temperature. A catalytic
quantity of copper-bronze (0.5g) was then added, and the mixture was slowly
heated to 140' with the aid of an external oil bath. After two hours,
an infrared scan of the mixture disclosed that little, if any, reaction
had occurred. The mixture was then raised to 1650, and finally 1800,
and maintained at the latter temperature overnight. The cloudy brown
suspension was cooled to room temperature, and 50 ml. of 5N sodium hydrox-
ide was added with vigorous stirring. The two phase system was then ex-
tracted four times with 150 ml. of ether. The dark brown ether phases
were combined, treated with magnesium sulfate and charcoal, and the solvent
removed under a nitrogen purge. The residual dark brown liquid was then
subjected to a slow, controlled molecular distillation. Excess diamine
was first removed at 25-1000 (bath temperature)/0.05 mm. A small amount
of distillate (0.55g) was then collected as a yellow liquid at 100-145'
(0.05 mm). The title product was then isolated in 51% yield (l.60g) as
a viscous, amber oil over the range 145-170 ° (0.05 mm). The analytical
data are included in Table 7, and its proton spectrum is reproduced inFigure 39.

2-Methoxy-6-methyl-4-(4-diethylamino-l-
methylbutylamino)-l,5-naphthyridine
di-a-resorcylate (NT-22)

Preformed 2-methoxy-6-methyl-4-(4-diethylamino-l-methylbutyl-
amino)-l,5-naphthyridine (l.10g, 3.33 mmole, for preparation, see above)
was dissolved in about 100 ml. of ether at room temperature. A solution
of 2,4-dihydroxybenzoic acid (1.32g of 97% purity, 8.34 mmole, 2.5 mole-
eq.) in 50 ml. of ether was then added dropwise with stirring. A white
suspension formed immediately which was stirred for two hours at room
temperature. The suspension was then filtered under a nitrogen blanket,
and the crude product was repeatedly washed with ether. The title product
was thereby obtained as an off-white solid in 75% yield (l.60g) after dry-
ing at 50* (0.10 mm). The analytical data are included in Table 7. and
its infrared spectrum is reproduced in Figure 40.

i-h
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4,6-Dimethoxy-2-(5-isopropylaminopentylamino)-

1,5-naphthyridine di-a-resorcylate hemi-hydrate (NT-23)

A mixture of 2-chloro-4,6-dimethoxy-l,5-naphthyridine (3.0g,
13.3 mmole, NI-42), 5-isopropylaminopentylamine (15.0g, 104 mmole) and
one mole-equivalent of potassium carbonate (1.84g) was slowly heated to
1650 and maintained at that temperature for eighteen hours. The dark
brown mixture was then mixed with 50 ml. of 5N sodium hydroxide. The
crude mixture placed in a separatory funnel and extracted three times
with ether (100 ml.). A brown oil remained at the ether-water interface
after the end of the second extraction. This oil was taken up into the
last ether extract by the addition of 50 ml. of tetrahydrofuran. The
organic layers were combined, dried over magnesium sulfate, and the sol-
vent was removed to afford a dark brown liquid. This liquid was then

subjected to molecular distillation. Excess diamine was first removed

at 35-1000 (0.05 mm). The free base was then collected as a yellow oil

in 43% yield (l.90g) over the range 155-175* (0.05 mm). The di-$-
resorcylate salt was then prepared by the dropwise addition of a solution
of -resorcylic acid (2.09g, 13.2 mmole of 97% purity) in 50 ml. of ether
into the yellow-amber solution of the free base (1.75g, 5.27 mmole) in
200 ml, of ether at room temperature. A suspension immediately formed
which was stirred for two hours before filtration under a nitrogen atmo-
sphere. After washing several times with ether and drying under reduced
pressure, the title product was isolated as an off-white solid in 68%
yield (2.3g). The analytical data for this moderately hygroscopic salt
is included in Table 7, and its infrared spectrum is reproduced in
Figure 44.
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6. APPENDICES

6.1 Numerical Listing of Compounds Submitted

Below are listed the chemical structures and our code designation
for each of the compounds which have been submitted for biologic testing
this year. Also, all Walter Reed bottle numbers which were available
at the time this report was written are included in parentheses directlyi
under our code designation.

Naphthyridine Targets (NT-20 through NT-23)

Structure 0 Code Number
II
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Naphthyridine Intermediates (NI-42 through NI-72)

Structure Code Number
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Structure Code Number

OH 0
CH20 COH

2  o 1/2 H20 NI-47

(BE 17188)

CF0CR0

32°H2 NI-48
(BE 17197)

CFCH 22
32 

NI-49

N- (BE 17204)

OH

N NNI-50

P N OH (BE 43757)

Cl

CH tNXT NI-51

N C1 
(BE 43866)

ji



-116-

Structure
Code Number
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Structure Code Number
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Structure Code Number
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Code Ntunber
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______
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Naphthyridine Precursors (NP-44 through NP-69)

Structure Code Number
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Structure 
Code Number
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Structure Code Number
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Structure Code Number
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Structure Code Number
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6.2 Biologic Activity Data

Test results for the prophylactic screen have been obtained for
most of the target drugs which have been submitted to WRAIR. In general,
no significant prophylactic activity has been observed in the Rhesus monkey
in the lower dosage range(i.0 mg/kg). However, one target compound, 2-hydroxy-
4-(5-isopropylaminopentylamino)-l,5-naphthyridine (NT-7), has proven to
be curative at a dosage level of 10.0 mg/kg.

While biologic testing data are not yet complete in the therapeutic
screen, we have included below a summary of the activity data received
to date for the target structures submitted to WRAIR. In the following
tabulation, the activity data (T-C) are expressed in days and represent
the lifetime extension of treated mice at a given dosage level (mg/kg) as
compared to controls. The mean survival time of the controls in 6.1 days
and a compound is considered "active" if its T-C exceeds 6.1 days. Any
deaths which occur in the treated mice from 2 to 5 days after the drug
administration are attributed to drug toxicity. The number of these "toxic
deaths" at any given dosage level are included in parenthesis. Also, unless
otherwise noted, five female mice injected with Plasmodium berghei KBG 173
have been used at each dosage level.
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Compound Activity (T-C)
Code No. WRAIR No. 10mg 20 40 80 160 320 640

NT-2 BD 26413 0.2 0.2 1.2 2.8 5.2 9.2

NT-4 BD 54711 0.1 0.3 0.9(2)

NT-5 BD 54720 0.1 0.1 0.1

NT-6 BD 54739 0.1 0.1 0.3

NT-8 BD 54757 0.3 0.3 2.9 3.7 5.9 7.9(2)

NT-9 BD 54766 0.1 0.5 2.1 4.1 6.9 8.9

NT-10 BD 54775 0.1 0.1 0.3

NT-13 BE 10983 0.5 0.7 1.7 3.7 4.5 0.0(5)

NT-14 BE 10992 0.3 0.0(5) 0.0(5)

NT-15 BE 11006 0.1 0.3 0.3 0.5 2.5 5.3

NT-17 BE 11024 0.3 0.4(1) 0.0(5)

NT-19 BE 13500 0.3 0.5 0.0(5)

NT-20 BE 17286 0.3 0.5 0.0(5)

NT-21 BE 17295 0.3 0.7 1.1

In addition, NP-18 through NP-50 and NI-17 through NI-49 (excluding NI-26
and NI-33) have also been tested in the therapeutic screen at dosage levels of
40, 160 and 640 mg/kg. None of these precursors and intermediates exhibited a

T-C in eccess of 1.0 day at any dosage level.

4! j
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6.3 Program Organization and Perseinel

This program was conducted in the Government Research Laboratory
of Exxon Research and Engineering Company. The principal investigator
for this project was Dr. John F. Pilot. During the second year of
research on this program, Dr. Pilot was assisted by Mr. Nelson C. Edwards.
Dr. Daniel Grafstein, Manager of the Applied Science Section, has
been responsible for the administrative aspects of this program.
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